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Abstract: The growing demand for safe,
high-energy-density energy storage has
accelerated the development of room-
temperature solid-state sodium batteries
(SSSBs) as cost-effective alternatives to
lithium-ion batteries. Among solid
electrolytes, NaSICONs (Na,, Zr,SiP, O,,)
are particularly promising due to their high
ionic conductivity, chemical stability, and
robust mechanical properties.This review
summarizes recent advances in NaSICON
electrolytes, focusing on their crystal
structure, sodium-ion transport,
compositional optimization, doping,
synthesis, and interfacial engineering. It
critically examines the relationships between
crystal chemistry, microstructure, ionic
conductivity, and electrochemical
performance, highlighting challenges such as
grain-boundary resistance, densification, and
interfacial stability. Computational studies,
including Density Functional Theory (DFT)
and Molecular Dynamics (MD), are also
discussed alongside experimental findings.
Finally, the review outlines key challenges
and future research directions for advancing
NaSICON electrolytes toward the
commercialization of solid-state sodium
batteries.

1. Introduction

The global transition toward decarbonization
and renewable energy integration has
intensified the need for advanced
electrochemical energy-storage technologies.
Although lithium-ion batteries (LIBs)
dominate portable electronics and electric

vehicles owing to their high energy density
and long cycle life, concerns over limited
lithium resources, rising costs, uneven
geographical distribution, and safety risks
associated with flammable liquid electrolytes
have accelerated the search for alternative
battery chemistries. Among these, sodium-
ion batteries (SIBs) are particularly attractive
because sodium is inexpensive, abundant, and
widely available. Moreover, sodium
possesses an electrochemical potential close
to that of lithium, enabling competitive
operating voltages. However, conventional
SIBs using liquid electrolytes remain
susceptible to leakage, flammability, poor
thermal stability, and dendrite-induced short
circuits, limiting their safety and long-term
reliability. Solid-state sodium batteries
(SSSBs) address these limitations by
replacing liquid electrolytes with solid
electrolytes exhibiting high ionic
conductivity and mechanical stability. Among
the various solid electrolytes investigated,
including polymers, sulfides, halides, and
oxides, NaSICON (Sodium Super Ionic
Conductor) materials are considered the most
promising oxide-based electrolytes because
of their high ionic conductivity, excellent air
and chemical stability, wide electrochemical
stability window, and robust mechanical
properties [1,2]. NaSICON materials were
independently discovered by Hong and
Goodenough in 1976 [3,4]. Their three-
dimensional framework of interconnected
ZrO, octahedra and (SiO,/PO,) tetrahedra
creates continuous sodium-ion migration
pathways, enabling optimized compositions
to achieve room-temperature ionic
conductivities approaching those of liquid
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electrolytes while maintaining superior
thermal and chemical stability. Despite
significant progress, several challenges
remain. Conductivity improvements achieved
through aliovalent doping, advanced
sintering, and interface engineering are often
offset by grain-boundary resistance, sodium
volatilization, secondary-phase formation,
mechanical degradation, and instability at the
sodium-metal interface. Consequently, high
ionic conductivity alone is insufficient;
practical SSSBs require simultaneous
optimization of crystal chemistry,
microstructure, processing, interfacial
stability, and electrochemical durability.
Another challenge is the wide variation in
reported dopant effects, processing methods,
and electrochemical performance.
Differences in synthesis routes, densification,
grain-boundary chemistry, and testing
conditions often produce conflicting
conductivity values for similar compositions.
Therefore, meaningful comparison requires
consideration of both intrinsic structural
properties and extrinsic microstructural
effects rather than conductivity alone
[2,5,6,7-12]. Recent computational
approaches, including Density Functional
Theory (DFT), Molecular Dynamics (MD),
and Quasi-Elastic Neutron Scattering
(QENS), have provided atomic-scale insights
into sodium-ion migration, activation
energies, and defect chemistry. Combined
with advanced experimental characterization,
these methods facilitate the rational design of
NaSICON electrolytes with enhanced ionic
conductivity and interfacial stability [5].
Accordingly, this review summarizes recent
advances in NaSICON research while
critically examining the relationships among
crystal structure, ion transport, compositional
engineering, processing strategies, grain-
boundary phenomena, and interface
chemistry. It highlights unresolved scientific
challenges, conflicting experimental
observations, and barriers to
commercialization, providing a
comprehensive roadmap for the development
of next-generation NaSICON solid
electrolytes for solid-state sodium batteries.

2. Crystal Structure and Ion Transport
Mechanics

The superior electrochemical
performance of NaSICON electrolytes arises
from their three-dimensional crystal
framework, which provides continuous
sodium-ion migration pathways and high
structural stability. Unlike many oxide solid
electrolytes with one- or two-dimensional
diffusion channels, NaSICON enables
isotropic three-dimensional ion transport,
resulting in high room-temperature ionic
conductivity [1-3].

2.1 The Host Framework

NaSICON materials have the general formula
Na, Zr,Si P, O, where sodium occupies
mobile-ion sites, zirconium forms the
octahedral framework, and
silicon/phosphorus constitute the tetrahedral
polyanion network [3]. The structure
comprises corner-sharing ZrO, octahedra and
(Si0,/PO,) tetrahedra that form the
characteristic Lantern unit described by
Goodenough and co-workers [4]. Their three-
dimensional interconnection creates open
channels and interstitial sites that facilitate
sodium-ion migration. NaSICON crystallizes
in monoclinic (C2/c) or rhombohedral (R-3c)
phases depending on composition and
temperature [13]. The rhombohedral phase
generally exhibits higher ionic conductivity
because its higher symmetry enlarges
diffusion bottlenecks and lowers migration
barriers [5,13]. However, DFT and MD
studies show that conductivity also depends
on sodium occupancy, vacancy concentration,
bottleneck geometry, and lattice dynamics.
Thus, optimum performance is achieved by
balancing carrier concentration and mobility
rather than maximizing either alone [2,5,12].
The NaSICON framework also
accommodates extensive cationic and
polyanionic substitutions without structural
collapse, enabling compositional tuning of
ionic conductivity, electrochemical stability,
and mechanical properties [1,2].

2.2 Sodium-Ion Diffusion Pathways
Sodium ions occupy two crystallographic
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sites, Na(l) and Na(2), which enable
cooperative three-dimensional ion transport
through continuous hopping between
adjacent sites [3,5]. lon migration is mainly
controlled by the oxygen bottleneck
connecting neighboring polyhedra, whose
size depends on framework composition and
sodium content. Compositions near
Na, ,Zr,Si, ,P,,O,, generally exhibit the
highest ionic conductivity owing to an
optimal balance of sodium concentration,
vacancy distribution, and bottleneck
dimensions [2,13]. Recent DFT, MD,
impedance spectroscopy, and QENS studies
demonstrate that sodium transport is
governed not only by bottleneck size but also
by electrostatic interactions, local structural
disorder, lattice vibrations, and cooperative
multi-ion hopping [2,5]. Increasing
bottleneck size or vacancy concentration
improves conductivity only up to an optimum
level, beyond which structural stability or
carrier concentration is compromised
[2,5,12]. The strong agreement between
computational modelling and experimental
characterization has significantly advanced
understanding of NaSICON ion transport.
Future integration of DFT, MD, neutron
scattering, synchrotron diffraction, and
advanced electrochemical techniques will
further support the rational design of high-
performance NaSICON electrolytes with
improved conductivity and interfacial
stability [5,11].

3. Compositional Tuning and Doping
Strategies

The high ionic conductivity of NaSICON
electrolytes results from both their three-
dimensional framework and their
compositional flexibility. By modifying
framework cations or the Si/P polyanion
network, sodium concentration, lattice
parameters, diffusion pathways, grain-
boundary chemistry, and phase stability can
be optimized. Undoped Na,Zr,Si,PO,,
(NZSP) typically exhibits room-temperature
ionic conductivity of ~10° S cm™', while
practical solid-state batteries require higher
conductivity with low grain-boundary

resistance and stable interfaces [2,5]. Doping
effectiveness depends strongly on dopant
type, concentration, synthesis route, and
resulting microstructure. Excessive
substitution may induce lattice distortion or
secondary phases, reducing conductivity and
stability. Moreover, high bulk conductivity
does not necessarily translate into high total
conductivity because grain boundaries,
porosity, and interfaces often dominate
overall resistance [2,5,6-9,12].

3.1 Cation Substitutions at the Zr Site
Aliovalent substitution at the Zr site is widely
used to modify sodium concentration, defect
chemistry, and diffusion pathways.

Trivalent dopants (Sc3*, AP*, Y3*, Ga’t,
In3*) increase sodium content to maintain

charge neutrality, promoting wider diffusion
channels and lower migration barriers
[2,5,14]. Sc substitution stabilizes the
rhombohedral phase and can achieve

conductivities above 3 mS cm™! [5], while Al

additionally enhances ceramic densification
and reduces grain-boundary resistance by
acting as a sintering aid [15]. However,
excessive trivalent doping may produce
lattice distortion and insulating secondary
phases.

Pentavalent dopants (Nb5*, Ta5*, Sb5*)

generate sodium vacancies that improve ionic
mobility by lowering electrostatic
interactions, but excessive vacancy
concentrations reduce carrier density and
overall conductivity [6].

Overall, conductivity enhancement depends
on balancing lattice geometry, carrier
concentration, defect chemistry,
microstructure, and processing rather than on
any individual dopant[1,5-6,12].

3.2 Alterations at the Polyanion (Si/P) Site

Modification of the Si/P framework provides
another route for improving NaSICON
performance. Optimizing the Si/P ratio or
partially substituting BO,, SO,, or GeO, units
alters lattice dimensions, Na—-O bond
strength, and migration barriers through the
inductive effect, thereby facilitating sodium
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-ion transport [16]. Excessive substitution,
however, may destabilize the crystal structure
and reduce mechanical stability, requiring
careful optimization [12,16].

The comparative performance of
representative  NaSICON electrolytes is
shownin Table 1.

The reported studies demonstrate that no
single doping strategy universally maximizes
performance. Electrolyte behavior is
governed by the combined effects of crystal
chemistry, defect structure, densification,
grain-boundary characteristics, and
interfacial resistance. Therefore, future
optimization should integrate compositional
design with processing and interface
engineering to achieve high conductivity and
durable solid-state sodium batteries [2,7—12].

4. Synthesis and Processing Paradigms

The performance of NaSICON electrolytes
depends not only on crystal chemistry but also
on synthesis and processing, which determine
grain size, density, porosity, grain-boundary
chemistry, and secondary phases.
Consequently, processing plays a critical role
in converting high bulk conductivity into high
total ionic conductivity [2,7-8, 12]. The
primary objective is to produce phase-pure,
highly dense (>95%) ceramics while
minimizing sodium volatilization and grain-
boundary impurities.

4.1 Conventional Solid-State Reaction

The conventional solid-state reaction is the
most widely used synthesis method because
of its simplicity and scalability.
Stoichiometric mixtures of Na,CO,, ZrO,,
Si0,, and NH,H,PO, are mixed, calcined (=
900-1100 °C), compacted, and sintered
(>1200 °C) to form dense NaSICON ceramics
[1]. However, prolonged high-temperature
processing promotes sodium and phosphorus
volatilization, coarse grain growth, residual
porosity, and secondary phases such as ZrO,
and sodium phosphates, increasing grain-
boundary resistance and reducing total ionic
conductivity. Although cost-effective, this
method provides limited control over phase
purity and microstructure compared with
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advanced processing techniques [7-8].

4.2 Wet-Chemical Methods

Wet-chemical routes provide atomic-level
precursor mixing, reducing diffusion
distances and enabling phase-pure NaSICON
powders at lower temperatures.

Sol-gel processing produces highly
homogeneous, fine powders through
polymeric precursor networks, improving
sinterability while reducing sodium loss and
grain-boundary contamination [17].
Hydrothermal/solvothermal synthesis
directly forms crystalline nanoparticles with
controlled morphology and particle size,
resulting in improved densification and lower
calcination requirements [ 18].

Although these methods improve
compositional homogeneity and lower
processing temperatures, they require
expensive precursors, strict control of
solution chemistry, and remain difficult to
scale industrially. Combining wet-chemical
synthesis with advanced densification
techniques such as Spark Plasma Sintering
(SPS) or the Cold Sintering Process (CSP)
offers a promising strategy for high-
performance, scalable manufacturing [7-
8,17-18].

4.3 Advanced Sintering Techniques
Advanced densification methods have been
developed to achieve high density while
minimizing sodium loss and grain-boundary
resistance.

Spark Plasma Sintering (SPS) uses pulsed
electric current and uniaxial pressure to
rapidly densifyNaSICON at lower
temperatures, producing near-theoretical
density, limited grain growth, and excellent
total ionic conductivity. Nevertheless, sodium
volatilization under vacuum requires careful
optimization of processing conditions [17].
Cold Sintering Process (CSP) densifies
ceramics below ~300 °C using pressure and a
transient liquid phase, greatly reducing
energy consumption and sodium loss while
improving grain-boundary transport.
However, electrolyte performance is highly
sensitive to transient liquid chemistry, which



NaSICON-Type Solid Electrolytes: High-Conductivity Frameworks for Next-Generation Sodium Batteries

can introduce amorphous phases and
interfacial impurities if not carefully
controlled [18].
Processing—Structure—Performance
Relationship

NaSICON performance is governed by the
strong relationship between processing,
microstructure, and electrochemical
properties. Processing controls grain size,
density, porosity, grain-boundary chemistry,
and impurity distribution, which directly
influence ionic conductivity, mechanical
integrity, and interfacial stability. Thus,
optimizing NaSICON electrolytes requires
simultaneous control of composition,
processing parameters, and microstructure
rather than crystal chemistry alone. Although
SPS and CSP significantly reduce grain-
boundary resistance without altering the
crystal structure, challenges related to cost,
scalability, reproducibility, and process
control remain. Future research should focus
on scalable, energy-efficient manufacturing
methods capable of producing dense, phase-
pure NaSICON electrolytes with minimal
sodium volatilization and excellent
electrochemical reproducibility [2,7-8,12].
The comparison of advanced processing
techniques is presented in Table 2.

5.Interfacial Challenges and Engineering
Despite their high bulk ionic conductivity,
NaSICON electrolytes are primarily limited
by grain-boundary and electrode/electrolyte
interfacial resistance rather than intrinsic
lattice transport. Poor physical contact,
chemical instability, and mechanical
degradation increase total cell impedance,
making interfacial engineering essential for
practical solid-state sodium batteries [2,9,11-
12]. Unlike liquid electrolytes, solid
electrolytes cannot accommodate electrode
volume changes, leading to stress
accumulation, void formation, and contact
loss during cycling.

5.1 NaSICON/Sodium Metal Interface

The NaSICON/sodium interface is a major
challenge because direct contact with metallic
sodium causes chemical, electrochemical,
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and mechanical degradation despite sodium's
high theoretical capacity [9].

Chemical and Electrochemical Instability
NaSICON is thermodynamically unstable
against sodium metal, leading to interfacial
decomposition and increased resistance. Poor
wettability, non-uniform current distribution,
grain-boundary defects, and surface
contaminants such as NaOH and Na, COs
further promote interfacial degradation and
dendrite nucleation [9—-12].

Grain-Boundary Resistance
Grain-boundary impurities, residual porosity,
and secondary phases generated during
sintering impede sodium-ion transport, often
making grain-boundary resistance much
larger than bulk resistance. Advanced
densification methods such as Spark Plasma
Sintering (SPS) and Cold Sintering Process
(CSP) effectively reduce these resistive
effects [7-9,12].

Sodium Dendrite Formation

Sodium dendrites propagate preferentially
through pores, grain boundaries, and
microcracks rather than the crystal lattice.
Eliminating structural defects and
maintaining uniform sodium-ion flux are
therefore essential for stable cycling.
Engineering Strategies for Stable Sodium
Interfaces

Interfacial coatings including NaF-rich
layers, CuO-derived interphases, alloy
coatings (Sn, Bi, In), and ceramic coatings
improve wettability, suppress side reactions,
and reduce charge-transfer resistance [10-11].
Surface polishing and polymer/composite
buffer layers further improve contact and
relieve mechanical stress. However, long-
term stability of artificial interlayers remains
a key challenge requiring chemically stable
and mechanically compliant interphases
[9-11].

5.2 NaSICON/Cathode Interface

Limited solid-solid contact, cathode volume
changes, space-charge formation, electrolyte
oxidation, and transition-metal diffusion
increase interfacial resistance, polarization,
and capacity fading during cycling [9,11-12].
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Engineering Solutions

Protective coatings (ALO,, ZrO,, LiNbO,),
composite catholytes, polymer—ceramic
hybrids, ball milling, co-sintering, and
polymer/plastic-crystal infiltration improve
interfacial contact and ionic transport.
However, these approaches introduce inactive
components that reduce energy density,
requiring optimization of conductivity,
mechanical compliance, and electrochemical
stability [9—12].

Future Directions for Interface
Engineering

Future progress requires atomic-scale
understanding of interface evolution.
Advanced characterization techniques,
including synchrotron X-ray diffraction,
TEM, ToF-SIMS, XPS, and in situ
electrochemical impedance spectroscopy,
combined with Density Functional Theory
(DFT) and Molecular Dynamics (MD), are
enabling the rational design of stable
interfaces with lower charge-transfer
resistance, suppressed dendrite formation,
and improved long-term cycling performance
[5,9,11-12].

6. Future Perspectives

NaSICON:-type solid electrolytes are
among the most promising oxide electrolytes
for room-temperature solid-state sodium
batteries due to their three-dimensional ion-
conducting framework, high ionic
conductivity, chemical stability, and
compatibility with abundant sodium
resources. Significant progress has been made
in understanding the relationships among
crystal structure, ion transport, compositional
tuning, microstructure, and electrochemical
performance.
This review highlights that electrolyte
performance depends not only on high bulk
ionic conductivity but also on the combined
optimization of defect chemistry, grain-
boundary characteristics, interfaces, and
processing. Although aliovalent doping,
advanced sintering, and interface engineering
have substantially improved NaSICON
performance, practical battery operation
remains strongly influenced by the interplay
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between crystal chemistry, microstructure,
and electrode/electrolyte interfaces.
Furthermore, reported conductivities often
vary because of differences in synthesis,
densification, precursor chemistry, and
testing conditions, emphasizing the need for
standardized characterization protocols for
ionic conductivity, activation energy, critical
current density, and interfacial resistance
[2,9,11].
Grain-boundary resistance remains a major
obstacle despite excellent bulk conductivity.
Secondary phases, porosity, structural
disorder, and space-charge effects increase
total resistance, while advanced densification
methods such as Spark Plasma Sintering
(SPS) and the Cold Sintering Process (CSP)
have demonstrated effective reduction of
grain-boundary impedance. However,
scalability, reproducibility, processing cost,
and sodium volatilization remain important
challenges[7,8].

Interfacial instability at both sodium-
metal and cathode interfaces also limits long-
term performance. Electrolyte reduction, poor
sodium wettability, dendrite formation,
space-charge effects, oxidative degradation,
and mechanical contact loss contribute to
increased impedance and capacity fading.
Consequently, artificial interlayers, protective
coatings, composite catholytes, and
compatible buffer layers will remain central to
future NaSICON development [9—12].

Recent advances in Density
Functional Theory (DFT), Molecular
Dynamics (MD), phase-field modelling, and
machine-learning-assisted materials
discovery, combined with advanced
experimental characterization, are
accelerating the rational design of NaSICON
electrolytes with improved conductivity,
lower grain-boundary resistance, enhanced
interfacial stability, and superior
electrochemical durability [5,11].

Several important research
directions deserve particular attention in
the coming years
(I) Advanced Compositional Engineering:
Develop multi-element co-doping strategies,
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supported by computational screening, to
optimize sodium vacancies, diffusion
pathways, lattice stability, and grain-
boundary chemistry.

(ii) Grain-Boundary Engineering:
Minimize grain-boundary resistance through
advanced sintering, controlled-atmosphere
processing, surface modification, and
elimination of insulating secondary phases.
(iii) Interface Stabilization: Design
chemically stable, electronically insulating,
and mechanically compliant interlayers to
suppress dendrites, improve sodium
wettability, and maintain low interfacial
resistance during long-term cycling.

(iv) Advanced Characterization: Expand
the use of in situ and operando techniques,
including synchrotron and neutron
diffraction, TEM, XPS, ToF-SIMS, Raman
spectroscopy, and electrochemical impedance
spectroscopy, to monitor ion transport and
interface evolution.

(v) Computational Materials Design:
Integrate DFT, MD, Monte Carlo simulations,
and machine learning with experiments to
predict defect chemistry, migration barriers,
electrochemical stability, and optimized
NaSICON compositions.

(vi) Commercialization Challenges:
Address scalable, cost-effective synthesis,
reproducible densification, sodium
volatilization, compatibility with high-energy
cathodes, long cycle life, and industrial
manufacturing.

References

(vii) Practical Battery Performance:
Evaluate NaSICON electrolytes under
commercially relevant conditions, including
high cathode loading, lean sodium inventory,
practical stack pressure, wide operating
temperatures, and extended cycling, to
accelerate translation from laboratory
research to practical solid-state sodium
batteries.

The comparison of representative
strategies for improving NaSICON
electrolytes is presented in Table 3

7. Conclusion

Overall, NaSICON electrolytes continue to
represent one of the most mature and
scientifically promising classes of ceramic
solid electrolytes for next-generation sodium
batteries. Their exceptional combination of
high ionic conductivity, structural robustness,
and chemical stability provides an excellent
foundation for future development.
Nevertheless, continued progress will require
a multidisciplinary approach integrating
crystal chemistry, computational modelling,
advanced processing, interface engineering,
and industrial manufacturing. Through such
coordinated efforts, NaSICON-type solid
electrolytes are expected to play a pivotal role
in enabling safe, low-cost, and high-energy-
density solid-state sodium batteries for large-
scale grid storage, renewable energy
integration, and future electric transportation.

1. Anantharamulu, N., et al. (2011). Wide-ranging review on NASICON-type materials.Journial of Materials
Science, 46, 2821-2837.

2. Wang, Y., et al. (2025). NASICON-type Na,,,Zr,Si,P;_,0;, electrolytes: progress and perspective for
solid-state sodium metal batteries. Inorganic Chemistry Frontiers, 12, 6011-6043.

3. Hong, H. Y-P. (1976). Crystal structures and crystal chemistry in the system Na, ., Zr,Si, P5_,0;, Materials
Research Bulletin, 11(2), 173-182.

4. Goodenough., J. B, Hong, H. Y-P, &Kafalas, J. A. (1976). Fast Na™-ion transport in skeleton
structures. Materials Research Bulletin, 11(2), 203-220.

5. Pivarnikova, I, et al. (2025). Understanding the structure and mechanism of Na diffusion in NASICON solid-
state electrolytes and the effect of Sc- and Al/'Y-substitution, Journal of Materials Chemistry A, 13(19), 14353-
14371.

6. Chen, D., et al. (2018). Influence of Nb°", Ti*", Y>~ and Zn™™ doped NasZr,Si,PO;, solid electrolyte on its
conductivity. Journal of Alloys and Compounds, 757 (15) 348-355.

13



AJHMC

7. Lee, I-S,, et al. (2008). Spark Plasma Sintering (SPS) of NASICON Ceramics.Journal of the American
Ceramic Society, 87(2), 305-307.

8. Ferrer-Nicomedes, S., et al. (2025). Densification and performance optimization of NaSICON solid
electrolytes via a low-temperature cold sintering process with sodium ionic salt doping.Journal Of Materials
Chemistry 4, 13(17), 12439-12451.

9. Xiang, L., et al. (2024). Interface issues and challenges for NASICON-based solid-state sodium-metal
batteries. Advanced Powder Materials, 3(3), 100181.

10. Miao. R., et al. (2022). Uniform Na Metal Plating/Stripping Design for Highly Reversible Solid-State Na
Metal Batteries at Room Temperature. Small, 18(45) 2204487.

11.Fu, Y., et al. (2026). Interface Engineering in Solid- State Sodium Batteries: Advances in Materials Design,
Interfacial Strategies, and Multiscale Characterization. Interdisciplinary Materials, 5, 5-84

12. Li, C., et al. (2022). NaSICON: A promising solid electrolyte for solid- state sodium batteries.
Interdisciplinary Materials, 1, 396-416.

13. Von Alpen, U,, et al. (1981). Compositional dependence of the electrochemical and structural parameters in
the NaSICON system Na, . 7Zr,S1,P,_, O, ,.Solid State Ionics, 3-4,215-218.

14. Tietz, F., (2017). Phase relations of NASICON materials and compilation of the quaternary phase diagram
Na,0-P205-S10,-Z10,. AIMS Materials Science, 4(6), 1305-1318.

15. Zhang, L., et al. (2023). Al Doped into Si/P Sites of Na;Zr»Si,PO;» with Conducted Na;PO, Impurities for
Enhanced Ionic Conductivity. ACS Appl. Mater. Interfaces, 15 (38) 44867-44875.

16. Xu, C., et al. (2026). Induced effect regulation of NaSICON-Type polyanion cathodes toward high-energy
Na-ion batteries.npj Energy Materials, 1, Article number: 5.

17. Traversa, E., et al. (2000). Electrical properties of sol—gel processed NASICON having new compositions.
Sensors and Actuators B: Chemical, 65(1-3), 204-208.

18. Shimanouchi-Futagami, R., et al. (2000). Hydrothermal synthesis and electric conductivity of the
NASICON-related solid solution, Nay-»,T1,BxP1O12.Journal of Materials Science Letters, 19, 405-407.

Table 1.Representative NaSICON compositions and their electrochemical characteristics.

Approximate
o " Room- o
Composition Modification Temperature Major Advantage .M.a "0% Ref.
Strategy . Limitation
- Tonic
Conductivity
. Undoped ~0.7-1.0 mS Excellent chemical Moderate
(21 7 J .. 2
Na:Z1,51,POr; NZSP cm ! stability conductivity [12]
Trivalent Enlarged diffusion Optimum Sc
Sc-doped NZSP L >3mScm” ! | bottlenecks; thombohedral | concentration [5]
substitution T .
stabilization required
- o ot Secondary
Al-doped NZSP T“‘.ale?“ 2-3mScm ! Ill‘l]?l()\ B smtellpg., e phases at high | [15]
substitution grain-boundary resistance
Al content
Nb-, Ti-, Y-, . iy Strong dopant-
Vacancy Composition AT, ) .
Zn-doped ensineerin devendent Lower activation energy concentration [6]
NZSP g g P dependence
SPS-processed Advanced High total ) . : Sodium
NZSP densification | conductivity Near-theoretical density volatilization 7]
) Improved e
Cold-sintered Lm‘"- ) grain- Energy-efficient S‘ens1t1_\e
temperature ‘ . processing [8]
NZSP ) . boundary processing .
processing ) conditions
transport

14




NaSICON-Type Solid Electrolytes: High-Conductivity Frameworks for Next-Generation Sodium Batteries

Table 2.Comparison of Advanced Processing Techniques
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Table 3.Comparison of representative strategies for improving NaSICON electrolytes.
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.A11fﬁ(:1a¥ Stable Na 1nte11jace_ and dendrite Additional processing step [9-11]
interlayers suppression
Catholyte Better wetting and lower interfacial | Long-term stability still under [9,11-12]
engineering resistance investigation .

15




AJHMC
ISSN : 0973-6212

Volume : 13 No.3 & 4
August . 2026

Duhkha: The First Noble Truth-A Metaphysical Quest
Dr. Edha Chakrabarti

Assistant Professor, Department of Philosophy
Bethune College, Kolkata-700006, West Bengal, India

Email: pappia80@gmail.com

Date of Receipt:04.06.2026 Date of Acceptance: 20.07.2026

Date of Publication:01.08.2026

Abstract

Among the Four Noble Truths, the first one is
Duhkha. The term 'Four Noble Truths'
originates from the Pali term Chattari-
ariyasaccani. Buddha says
“SarvamDuhkham”. This means everything
in this world is associated with pain. No one
can avoid pain as it is the integral part of our
existence. There are mainly three types of
Duhkha namely, Duhkha Duhkha,
Viparinama- Duhkha and Sankhara-Duhkha.
Though most of the Indian philosophical
schools have dealt with this problem, Sankha
and over all view of Upanisad and Nyaya are
briefly discussed. Like Buddhism, However,
their views are more theoretical. But as
Buddha was primarily an ethical teacher and
social reformer, he had an aversion to
theoretical speculation. His teachings have a
practical basis because they are rooted in
empirical observation and direct experience.
He has shown that through ethical practices
and meditation, liberation can be achieved.
This has made him a mystical idealist. His
Philosophy, therefore, has an optimistic
approach.

Introduction

The sighs of suffering that distress the mind of
young Sidhartha were of disease, old age and
death. He realized that life ultimately leads to
suffering i.e. Sarvam Duhkham. Therefore,
among the Four Noble Truths, the first one is
'Duhkha’. Although the term Four Noble Truth
is well known in English, it springs from the
Pali term 'Chattari-ariya- saccani.' The Four
Noble Truths is mentioned in the second part
of the Dhammacakkapavatta Sutta. The main
objective of Budhha is how to stop the

The object of this paper is to show that
Buddha comes ultimately to the conclusion
that a being should arrive through changing
state ('Anitya') to an everlasting unchanging
state of rest and peace which is called
'Nirvana'. This paper has three sections and a
conclusion. The first section is dealt with
according to Buddha, what is Duhkha and
what are the miseries in life. It also includes
different types of Duhkha. in the second
section some observations have been made
from the point of views of Sankha, Upanisad
and Nyaya on the one hand and Buddha on the
other hand regarding the concept of Duhkha.
Third section discusses that though he has
realized life is full of suffering but at the same
time he is optimistic as he has shown the right
path to refrain from it. A concluding remark
has also been given where it will be shown
that Buddhist theory transcends from
commonsense realism to mystical idealism.

Section I

The Four Noble Truths can only be realized by
the noble person. There is nobleness in their
discovery and they are noble because they are
real, honest, straightforward and not
misleading. The First Noble truth is -there is
suffering. The Second Noble Truth is- there
are causes of suffering, the Third Noble Truth
is- there is a cessation of suffering and the
Fourth Noble Truth is- there are means for the
cessation of suffering. The etymological
meaning of Duhkha is- Duhkha= du + kham,
'Du’ means bad in the sense of vile and 'kham'
means empty or 'tuccha'. Duhkhais vile as it is
the cause of many dangers. It is empty too as it
lacks beauty, lastingness, happiness and self
of'its own. Suffering is birth, old age, disease,

dyanamic flow of constituents of living being. 41 death, sorrow, grief, wish, despair, i.e. all that
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is born of attachment. There are mainly three
types of suffering: -

1. Duhkha - Duhkha (suffering of
suffering) — this kind of suffering includes
physical and mental sufferings.

2. Viparinama Duhkha - It refers to the
impermanence of happiness and pleasure
which ultimately leads to Duhkha. This is in
accordance with the theory of
ksanabhangavada. The theory has a similarity
with Heraclitus's philosophy who holds that
everything is in a flux. He says that no one can
step in the same river twice.'

3. Sankhara- Duhkha (suffering from
conditioned existence)- Everything is a
product of prior cause and therefore
conditioned. This conditioned nature lacks
permanence. Even our mental states are also
constantly changing.

Suffering has the feature of experiencing an
unwanted tangible datum. It is manifested as
physical affliction.

Section II

Some observations have been made from the
point of views of sankha, upanisad and nyaya
philosophy and Buddhist theory of Duhkha.
Sankha, like Buddha, also has agreed that all
our experiences are sorrowful. According to
Sankha Philosophy, we are affected by three
kinds of pains--adhytamika, adhibhautika and
adhidaivika. The first is due to intra-organic
causes like bodily disorders and mental
affections. It includes both physical and
mental sufferings. The second is caused by the
extra-organic natural causes like men, beasts,
thorns etc. Third kind of suffering is caused by
extra -organic supernatural causes. However,
according to Sankha, suffering and bondage
are due to the feeling of identity (aviveka)
between Purusa (consciousness) and Buddhi
or mahat (one of the products of the evolution
of Prakrti). Freedom from suffering comes
from knowledge of the distinction between
the self and non-self.’Though both
inUpanisad and Buddhism it is accepted that
suffering is due to ignorance or 'avidya' but the
implications of the term 'avidya' are different.
Like Upanisad, 'avidya' in Buddhism, is not
meant as a cosmic power for explaining how
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the nisprapafica Brahman appears as the
empirical world, but merely as the ground of
individual existence due to the 'chain of
causation', i.e. Pratityasamutpada. The
Naiyayikas also believe that the world is full
of sorrow and that the small bits of pleasure
only serves to intensify the force of sorrow. To
a wise person, therefore, everything is full of
misery. 'Sarvam Duhkham vivekinah".
Duh kha-janma-pravr tti-dos a-
mithyajfiananam-uttarottarapayetad-
anantarapayad-apavargah"

Due to mithyajiiana, dosa is produced. Due to
dosa, pravrtti is produced, due to pravrtti
janma takes place and due to janma, duhkha
is produced. The bondage of the world is due
to false knowledge (mithyajnana) which
consists in thinking as my own self that which
is not myself, namely body, senses, manas,
feelings and knowledge; when one knows the
true knowledge of sixteenpadarthas,
pramanas, prameya, and of the other logical
categories of inference is realized, false
knowledge is demolished. False knowledge is
eradicated by constant thinking of'its opposite
(pratipaksabhavana). For example, when any
pleasure attracts us, we are to think that this is
in reality but pain and nothing else. Thus, a
wise person does not get attracted to the so-
called pleasures of life which ultimately leads
to the sorrow. That is why in Nyaya Sutra,
Goutama has stated- 'Tattvajfianat
nisreyasadhigamah'®.This means that
liberation can be attained by the knowledge of
the true nature of the sixteen categories i.e.
pramana, prameya, samsaya, prayojana,
drstanta, siddhanta, avayava, tarka, nirnaya,
vada, jalpa, vitanda, hetvabhasa, chala, jati,
nigrahasthana.’

Section I11

Buddha is of the opinion that human suffering
is due to man's attachment, greed that spring
out of his ignorance about the true nature of
individual himself as well as the objects
themselves. Individuals are nothing but a
collection of physical and mental
constituents. He supports common sense
realism by supporting the
doctrineimpermanence and dependent origin.
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According to Buddha, objects exist in a
dynamic process of cause and effect. Nothing
is permanent in this world of experience. This
can be understood by direct, observable
sensory experience rather than abstract
imagination. Common sense realism holds
that the world is active and changing. Buddha
confirms this by denying the eternal existence
of both physical and mental substances. He
says that the changing nature of objects
directly aligns with our everyday experience
ofthe world. He has shown that suffering and
its causes can be seen as moving in a circular
way, i.e. from birth comes death and again
from death comes a new birth, but at the same
time he has shown us the path of absolute
cessation of suffering. He is an ethical teacher
who looks upon life with its suffering as a
disease and as a doctor he has found out a
remedy for it. He has discouraged engaging in
any theoretical discussions that do not
contribute directly to the practical goal of
alleviating suffering. He has emphasized on
direct experience and practice over
speculation and dogma. This is the reason his
philosophy is optimistic in nature and he is
different from other Indian philosophical
schools.  Perfect control of passions and
constant contemplation of truth lead a person
to attain 'Nirvana'. A person who does his
deeds with perfect insight into the real nature
of the universe and without attachment, does
not create a karma producing rebirth. A person
who does his actions without 'raga’, dosa' and
'moha’ is compared like a sowing seed which
have been fried and made barren i.e. he will be
untouched by the consequences of his actions.
After a person attains nirvana, his enlightened
heart begins to beat with sympathy for the
countless beings who are still writhing in pain.
Love and sympathy for all beings increase
with enlightenment and persuade the perfect

man to share his wisdom with them and work
for their moral upliftment. The path,
recommended by Buddha, consists of eight
steps which is known as 'Astangika —marga'.
This path is open to all.

Samyagdrsti, samyaksankalpa,
samyagvaksamyakkarmanta,
samyagajiva,samyagvyayama,
samyakasmrti, samyaksamadhi.

Conclusion

It can be concluded by saying that Buddha's
ethical teachings comprises of three pivotal
things- conduct ('$1la'), concentration
('Samadhi'), and knowledge ('prajiia')
harmoniously cultivated. In modern
psychology itis said that a divided personality
means that there are two constantly
conflicting forces working together at the
same time — the good and the bad one. The
practice of Eight-Fold Path makes a person so
disciplined and a purifying soul that this
conflict, in him, abolishes. Repeated
contemplation of what is true and good,
training of the will and emotion accordingly,
through determination and desireless
behavior, progressively achieve the
harmonious personality in which thought, will
and emotion are all thoroughly refined and
purified in the light of truth. Perfect wisdom,
perfect goodness, and perfect equanimity
gives the 'Arhat' complete relief from
suffering. With the development of Mahayana
Buddhism, specially Yogachara school holds
that all external phenomena and matter are
projections of mind and only pure
consciousness is real (alayavijiiana). Here it is
observed that this theory encompasses
common sense realism and steps into mystical
idealism. This process is surely a
metaphysical quest by which 'Arhat' attains
'Nirvana'.
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Abstract:

The immune system is an organization made
up of molecular and cellular elements that
play specific roles in protecting the body from
outside invasion. There are two well-known
types of immune responses: (a) innate
responses, which are our body's initial line of
defense against foreign antigens, and (b)
acquired responses, which are an enhanced
physiological reaction to a recurrent non-self
exposure. One of the most well-known
diseases is the human immunodeficiency
virus (HIV), which mainly targets the
immune system to make its victim vulnerable
to a variety of secondary infections.
Immunostimulation is a technique that uses
sophisticated medication and the effective
application of other specialized substances,
such as different biomolecules, organic herbs,
metals, and nano-materials, to strengthen the
otherwise weakened immune system. HIV
infection has posed a serious threat to
civilized society for many years, necessitating
awareness and safety precautions in order to
live a healthy life. One such effective strategy
for leading a healthy lifestyle is
immunostimulation. In addition to
considering the relative potential of the
various immunostimulants and reports on the
efficacy of immunostimulation against
HIV/AIDS, the current review aims to revisit
the classical mechanisms involved in immune
response with particular reference to its
activation induced through specific
immunostimulants.

Key words: HIV/AIDS, Innate immunity,
acquired immunity, secondary infection,
immunostimulation.
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Introduction:

In addition to fending off foreign invaders, the
immune system also works to eradicate them.
In order to evade the host's immune system's
detection and neutralization, pathogens
quickly change and adapt. The animal
kingdom has a variety of defensive systems to
combat infections (1). The diverse array of
plants, fungi, invertebrates, and lower
vertebrates that are descended from ancient
eukaryotes still possess fundamental immune
systems. Complement system, phagocytosis,
and antimicrobial peptides are few of these
systems (2). Humans and other higher
organisms have more sophisticated defense
systems. A broad range of illness like acquired
immunodeficiency syndrome/AIDS is
brought on by infection with human
immunodeficiency virus (3).

IMMUNOSTIMULATION: A GLIMPSE
FROM HISTORY
The concept of immunostimulation
originated in 10" century China with
variolation against smallpox, which involved
exposing healthy individuals to materials
from smallpox lesions. Despite its early
application, its appeal was constrained by
uneven results. Mary Montague's successful
variolation of her children in 1772 contributed
to the practice's rise in popularity in America
and England (4). In addition to proving the
effectiveness of wvaccinations, Edward
Jenner's 1796 injection of James Phipps with
cowpox material challenged pre-existing
miasma beliefs and helped develop Louis
Pasteur's germ theory.

Robert Koch identified microbes as
the source of infectious diseases by 1891,
while Walter Reed recognized viruses as
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human pathogens in 1901 (5). Paul
Ehrlich's side-chain theory on antigen-
antibody interaction, which earned him the
Nobel Prize in 1908 alongside Metchnikoff, a
pivotal figure in cellular immunology (6), was
one of the major advances at this time.
Important ideas developed, such as the germ
theory of Koch and Pasteur, the transferable
immunity through serum proposed by Von
Behring and Kitasato, and the role of
phagocytes in pathogen defense proposed by
Metchnikoff. Because of his contributions to
serum treatment, von Behring was the first
person to win the Nobel Prize in
Physiology/Medicine (7).

Immune Response to Antigens: The Cross-
Talk

Conventional understanding of an immune
system that is triggered by alien molecules or
specific elements of a changed self has given
way to a system that is tailored to identify
subtle changes in homeostasis, including
signals that are more elusive (8). The immune
system's evolution offers a wide range of
chemicals, and adaptability of sensors and
intricate interactions between effectors and
regulatory networks imply that the ultimate
purpose of immune response goes beyond just
eliminating infections to preserve
homeostasis (9). A finely balanced act that
necessitates many checks and overlapping or
redundant degrees of modulation to enable
effective immune responses with little
collateral damage to the host is suggested by
additional complexity such as, interaction
between basic and specialized cellular
processes (10).

An APC, typically M® or dendritic
cell in conjunction with a B or T cell, is
necessary for the response to foreign antigen.
B cell is triggered to multiply (active plasma
cell) and generate antibodies that specifically
bind antigens when an APC displays antigen
on its cell surface (11). Antibodies serve as a
signal for PMNs/M® to phagocytise and
destroy bacteria/parasites if they attach to
their antigens. Antibodies also play crucial
role in starting "complement destruction
cascade". Serum proteins known as
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complement attach to immobilized
antibodies when they attach to cells or
bacteria, rupturing the germs by making holes
in them (12,13). Antibodies can also signal
NK cells and M® to kill viral/bacterial-
infected cells. T cells are activated when the
antigen is presented to them by APC. In case
of CD4" T cells (14), activated T cells multiply
and become secretory; in case of CD8' T cells,
they become activated to eliminate target cells
that express the antigen that the APC has
presented. The CD4" T,, cell subset plays a
major role in controlling both the activity of
CDS8" killer T cells and generation of
antibodies (15). These cells get signals from
CD4' T, cells, which prompt them to multiply
and perform better. NK cells, M®, CD8" T
cells, and PMNs are frequently activated by
the variety of cytokines that CD4" T, cells
make and secrete (16).

HIV/AIDS: Historical Perspective

HIV is believed to have originated from a
virus in West African chimpanzees in 1930s,
primarily spreading to humans through blood
transfusions during hunting. The first human
case of HIV-1 infection was identified in a
blood sample from Congo (17). AIDS was
first reported in 1981 among injectable drug
users and homosexual men with symptoms
like Kaposi's sarcoma. Initially referred to as
Gay-related Immune Deficiency (GRID), the
term AIDS was formalized in 1982 when HIV
was confirmed as the cause by virologist
Montagnier and Gallo (18).

With high rates in Sub-Saharan
Africa and South-East Asia, AIDS has
become a worldwide pandemic over time.
Approximately 39 million individuals
worldwide; 37.2 million adults and 1.8
million children under the age of 15; were
living with HIV/AIDS in 2018 (19). Since its
discovery, HIV-1 has killed over 25 million
people and infected over 60 million. The
number of AIDS patients is steadily declining
while being a serious health risk; in 2018, 23
million people received antiretroviral
medication (ART) globally (20).
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HIV SUB-TYPES:

The great genetic diversity of HIV-1 is well
known. HIV-1 has four subtypes: M, N, O, and
P. Group M is the most commonly reported
HIV in the world, while Group N and Group O
account for 1% of all HIV-1 cases and are
primarily found in Cameroon and Gabon (21).
With a prevalence of 0.06% of all HIV
infections, Group P is the rarest of all and has
been found in pregnant Cameroonian women
in France. Senegal has the highest incidence
of HIV-2, which is most prevalent in West
Africa (22). There are eight subtypes of HIV-
2, designated Group A through H. Group B is
more widespread in Ivory Coast, but Group A
is more common in the sub-Saharan region.
Group C through H are classified as "silent"
transmissions that result in no further
infections because of the intermittent nature
ofinfection (23,24).

HIV: REPLICATION CYCLE & INFECTION:
The immune system, particularly the CD4" T-
lymphocytes, is the primary target of assault.
Once infected, the virus silently and gradually
overwhelms the host's defenses, leading to
otherwise uncommon malignancies and
opportunistic infections (25,26). Activation of
humoral and cell-mediated immune systems
depends critically on activated and
differentiated CD4" cells. Peripheral blood
CD4" cells are reduced as a result of HIV
infection (25,27). Untreated patients
experience depletion over a number of years
until they pass away from AIDS. It can appear
2-15 years after infection and is the final stage
of HIV infection (28).

HIV/AIDS Pathophysiology
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Figure 1 Timeline of HIV infection (source: internet)
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The timeline of HIV infection from the first
infection to the manifestation of AIDS-
specific symptoms is depicted in the above
image. Sexual contact, prolonged exposure to
bodily fluids, and vertical transmission—the
transfer of HIV from mother to child during
pregnancy, childbirth, or breastfeeding—are
the three main ways that the virus spreads
(29). If feces, nasal secretions, saliva, sweat,
tears, urine or vomit are not contaminated
with blood, there is no danger of contracting
HIV. Additionally, co-infection with many
HIV strains can occur; this is referred to as
HIV super-infection (30).

AIDS virus undergoes a complex replication
cycle consisting of several stages:
I. Binding and Fusion: Viral proteins GP41
and GP120 bind to the CD4 receptor and
CCRS or CXCR4 co-receptors, facilitating
membrane fusion and viral entry (31).

II. Reverse Transcription and Integration:
Reverse transcriptase converts viral RNA to
DNA, integrated into the host DNA by
integrase, remaining dormant until the cell
activates.

III. Transcription and Translation: Upon
activation, viral DNA transcribes to mRNA,
leading to new viral protein production (32).
IV. Assembly, Budding, and Maturation: HIV
particles bud from the host, where protease
processes proteins for mature, infectious
particles.

Figure 2 Replication cycle of HIV (source:

As HIV/AIDS weakens the immune system, it
predisposes individuals to a range of
opportunistic infections (33) such as,
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Gastrointestinal Pathogenesis: Leads to
significant illness; symptoms include
diarrhea, wasting, and infections like
candidiasis and cytomegalovirus. Respiratory
Illness: Affecting 60-70% of AIDS patients,
common problems include bronchitis,
pneumonia, and tuberculosis. Neurological
Problems: Manifest as headaches,
neuropathy, and cognitive impairments due to
opportunistic infections and tumors of the
CNS. Skin Disorders: Occur in 80-90% of
patients, with conditions such as Kaposi's
sarcoma and herpes infections being
prevalent. Eye Infections: Affect 60-70% of
patients and may include dry eye syndrome
and retinitis. This cycle and the associated
conditions underscore the critical impact of
HIV/AIDS on the immune system and overall
health.

IMMUNOTHERAPY & HAART

Primary goals of antiretroviral therapy or
highly-active antiretroviral therapies
(HAART) (34) are to: Reduce HIV-related
morbidity and prolong the survival of
patient, Improve the quality of life during
and after the therapy, Restore and preserve
immunologic function, Maximally and
durably suppress the viral load, and
Prevent vertical HIV transmission (mother
to child).

Combination therapies involving at
least three medicines from two classes of
antiretroviral agents are available. Two
NRTIs, such as Lamivudine/ Emtricitabine
and Zidovudine/ Tenofovir, are usually used
in conjunction with an NNRTI during initial
treatment (35). Since 2019, the WHO has
recommended Lamivudine and Tenofovir as
the first-line treatment for adults, with the
option of Tenofovir/ Lamivudine/ Efavirenz.

Reference:

When first regimens don't work,
ART/HAART wuses protease inhibitors.
Although it has helped treat HIV as a chronic
condition, it can cause serious side effects,
such as neurological, gastrointestinal,
haematological, musculoskeletal, metabolic,
and psycho-behavioral problems (36).

The goal of immunostimulators is to
boost immunity without posing major health
hazards (37). In Kaposi's sarcoma linked to
AIDS, IFN-a exhibits antiviral and
antineoplastic qualities. In HIV patients,
thalidomide, also called Immunoprin, may
raise circulation TNF-o. For geriatric and
HIV-positive patients, bestatin has
demonstrated efficacy in immunorestoration.
Immunizing HIV-1 patients with recombinant
proteins or inactivated virus is one of the more
recent active immunotherapy approaches
(38). Furthermore, it has been discovered that
GM-CSF and other haematopoietic growth
factors, such as erythropoietin, improve the
effectiveness of traditional anti-HIV
medications like gancyclovir and zidovudine.

Future Directions:

Currently, a variety of natural or synthetic
specific and non-specific immune-stimulants
are utilized in immunotherapy and immune-
prophylaxis to treat conditions other than
HIV/AIDS, such as cancer and rheumatoid
arthritis. Despite being one of the most
sophisticated medical procedures, it is still
mostly limited to industrialized nations.
Therefore, it needs to be tested and used more
in poor nations in order to achieve the highest
level of medical achievement. International
organizations like the United Nations, WHO,
and UNICEF should take steps to make
immunotherapy accessible and inexpensive
for the majority of people on the planet.
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Abstract

Women face various unique health issues as
compared to men. From the very beginning of
adolescent period, a young girl is subject to
various social and cultural constraints along
with gender discrimination in food and
education. Deficiency of essential
micronutrient and inadequate dietary intake
of women at reproductive age creates
intergenerational problems. Early marriage
and child birth poses serious threats to health
of women which creates long period trauma to
the women and to the family also. Women's
health is influenced by a complex interaction
of physiological, nutritional, social and
cultural factors throughout the life cycle. In
India, women face several health challenges
including anaemia, malnutrition,
reproductive health disorders, maternal
morbidity, osteoporosis, menstrual
abnormalities and increasing incidence of
non-communicable diseases. Inadequate
nutrition, poor hygiene, low educational
attainment and limited access to healthcare
services further aggravate these health
problems. This review examines the major
determinants affecting women's health in
India and highlights their physiological
consequences. The paper emphasizes the
need for improved nutrition, reproductive
healthcare, health awareness and gender-
sensitive interventions to enhance the overall
health status and quality of life Indian women.

Keywords: Women health, nutrition, social
and cultural, healthcare.

Introduction:

The health of Women in India is inherently
connected to the gender norms and patriarchal
characteristics of the Indian society [1]. The
interplay of societal and environmental
factors is crucial determinants of health.
However, women's health is neglected by
their family from the very beginning as they
are unwanted in a male preferred social
system. The fact is clear from the son
preference attitude of parents and the
incidence of female infanticide is still
prevailing in India [2]. In 2011, the sex ratio
was 943 females per 1000 males and early
marriage and child-birth is a major
detrimental factor of women's health [3].
Exploration of NFHS-5 data (2019-21)
reveals that around 54 percentages of women
of age group 18-45 are anaemic. Apart from
food habits and iron deficiency it has been
explored that the socio-economic
determinants influencing the incidence of
anaemia among Indian women. In 2005, when
the National Rural Health Mission was
launched by the Ministry of Health and
Family Welfare (MoHFW), Government of
India, the MMR of the country stood at 254
per 100,000 live births. In the last Sample
Registration Survey report of 2017, MMR of
India stands at one hundred twenty two per 1
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lakh live births. Only 30.3% of pregnant
mothers reported consuming iron tablets as
prescribed, and a meagre 21% of mothers
reported having received full antenatal care.
Data from India's fifth National Family
Health Survey (NFHS-5) shows meagre
success in key maternal and child health and
nutrition indicators over the five years[4]. The
demographic consequence of neglecting
women health results in various detrimental
issues such as, low birth weight babies, low
sex ratio, maternal death, low female
education, low participation in economic
activities as compared to men. Poor health
status of women causes serious health threats
for the families also. Women with low body
mass index and nutritional deficiency results
in low weight infants and also with neo natal
complicacies. Moreover an unhealthy woman
fails to provide adequate care and nutrition to
her children, this creates an intergenerational
cycle of poor health in families.Thusa wide
range of factors segregating to bio-
demographic, socio-economic and cultural
that are influencing women health status in
India. Now we will go through some of past
studies based on the exploration of the factors
influencing women health in India.

Current Knowledge and Research

Evidence:

Several studies explored various bio-
demographic as well as socio economic
factors which are primarily responsible for
poor health status of women in India.
Women's health status is influenced by the
dynamic interplay of biological, social, and
cultural factors [5]. Indian women from low-
income groups consume diets that have
inadequate calcium coupled with too few
calories, proteins and micronutrients [6].
Hospital based data suggest that women have
osteoporotic hip fractures at a much earlier
age than Western women as observed by
Shatrughna et al.(2005). Moreover, these
women are underweight, and they attain
menopause at an earlier age [7]. So It is
possible that these women are at a greater
likelihood of having osteoporosis and
fractures at an early age [8, 9]. Cultural and

33

social factors impose significant importance
for women health status. A case study in a
tribal district of Jharkhand revealed that
female headed households are more
vulnerable to nutritional insecurity, as they
often face obstacles related to food starvation
and food procurement [10, 11]. The
prevalence of female sexual dysfunction is
much higher because Indian women are
suppressed, self conscious and hesistant to
talk about their sexual problems with health
care professionals as observed by Jain et
al.(2019) [12]. The literacy level of women
can affect reproductive health, use of
contraceptives, health and development of
children, proper hygienic practises, access to
jobs and the overall status of women in the
society. Early marriage and childbirth is a
major determinant of women's health 13].
However employed women are at more risk of
being the victim of abuse and violence.
According to Buckshee, Maternal morbidity
and mortality has multiple causes and it
creates serious threats to the new born also.
Due to the lack of proper prenatal care, clean
and safe delivery with trained assistance,
proper units for handling pregnancy
complications and inadequate postpartum
care leads to death of mother during childbirth
is a common phenomenon in India. Exclusive
use of hygienic methods like sanitary napkins,
locally prepared napkins and menstrual cups
to prevent the visibility of bloodstains during
menstruation is still considerably low among
adolescent women in rural India [14]. Young
girls who are victim of child marriage without
proper sex education and less autonomy for
own health care are more susceptible to the
danger of having STI, genital sore and
complicated pregnancies. In India women
have less autonomy for abortion also. Women
with lower BMI combined with stunting and
wasting leads to undernourished women who
are more likely to give birth to undernourished
babies, continuing an intergenerational cycle
of malnutrition [15]. Among other illnesses
the incidence of breast cancer is the most
common now days, with an age-adjusted rate
of 25.8 per 100,000 women [16]. Apart from
that, menstrual issues such as menorrhagia,
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endometriosis and polycystic ovarian
disorder have been
increasingovertime.Different culture,
religion, caste category and customs severely
impacts women health status in India. Tribal
women are more vulnerable to under nutrition
as compared to women from any other caste as
observed by Rao et al.[17].The percentage of
anaemic women is more among the OBC and
schedule tribe than general caste as observed
from NFHS-5 data [18]. Caste wise inequality
towards women health is explored by many
researchers. From NFHS-3 data it was found
that SC, ST women and children are at greater
risk of neonatal and infant mortality[19].
Sharma et al. explored that pregnant and
lactating women had low-mixed vegetarian
dietary patterns, which were greatly
influenced by religion and areas of residence,
using data of 476 pregnant and 446 lactating
women from India [20]. The situation of
postpartum mothers is also at an alarming
position in India. Customs and traditional
practices createsseriousimplications on
lactation and breastfeeding, and in the overall
well-being and health of mothers and infants
as opined by Bandyopadhyay. The author
observed that cultural practice of avoidance of
many nutritious foods and restrictive diet
immediately after birth could affect the
overall health of both the mother and her
infant[21].Distance to health facilities
continues to be a logistic barrier for most of
the Indian women along with getting money
for treatment at the household level [22].
Healthier women and their children
contribute to more productive and better-
educated societies and it confirms that
women's health is tied to long-term
productivity of any nation [23]. Studies
found that maternal mortality has a
statistically significant negative effect on
GDP [24]. Hence the importance of women
health is undoubtedly requires urgent and
immediate attention of policy makers.

So, we observed a wide range of
factors that are responsible for women health
status in India.The diagram given below
summarize the major factors determine
women health status in India.
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Research question:

Based on the review of the above literatures,
here we focused on the question that, to what
extent the socio-cultural and socio-economic
factors besides the bio-demographic factors
are significantly influencing women health
status in India? And how far the stereotypic
gender norm issue is influencing the nutrition
and overall health status of Indian women?
Objective of the study:

The objective of this review was to describe
the evidence in terms of socio-economics and
cultural determinants, besides the
physiological reasons, affects the overall
health status of women in India.

Contribution of the present study:

Beside the physiological factors, such as,
cardiovascular and metabolic health
indicators, the socio-cultural, demographic,
socio-economic factors and gender inequality
play significant role for health status of
women. Based on the literatures reviewed
above we believe that these factors are not so
well addressed in a compact manner along
with the physiological health indicators.
Hence, the present study will attempt to gauge
the range of various socio-economics and
socio-cultural factors along with bio-
demographic factors that are crucially
affecting the health outcome of women in
India.

Methodology:
We did a systematic review of quantitative
and qualitative studies on women in India to
examine effects on women health and to
identify the factors,which are the prime
barriers to achieving sound health outcomes
apart from food habits and basic health care,.
We searched from Google scholar and various
electronic databases were used for current
information related to sex ratio, maternal
health data. Published articles are included,
from 2025 to 1983 measuring women health
determinants and health outcomes from
India.The search was conducted by the first
author.

The Next table reflects the primary
health indicators of women in India over the
time period of 2019-21 to 2023-2024. Here
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we have considered BMI, blood pressure,
level of blood sugar and use hygienic methods
of protection during their menstrual period.

Data:
For descriptive statistics we have used NFHS
(National Family Health Survey) data set.

Factors Determining Women's Health in
India
- Girl Child (Gender Discrimination) —
Gender bias often discriminates access to
nutrition, education, and healthcare from
childhood.
- Child Marriage — Child marriage is
associated with premature pregnancy and
childbirth.
- Early Childbirth —Adolescent
pregnancy increases maternal and infant
morbidity and mortality.
- Domestic Violence: It is also associated.

‘Poverty and Malnutrition — It is
associated with inadequate nutrition, poor
living conditions.

‘Less Decision-Making Power — Limited
autonomy in house and health-related
decisions restricts women's ability to take
timely healthcare.
-Less Education — Low literacy levels
reduce awareness regarding hygiene,
nutrition, reproductive health.
-Inadequate Hygiene — Lack of sanitation
facilities and poor menstrual hygiene leads
to various infections and diseases.
Inadequate Health Services — It is very
significant that quality healthcare services
highly impact women's health outcomes.

Figure 1: Factors determine Women health
Status in India

Factors determine women Health in India:

Poverty and
Being a girl Malnutrition
Less education

Women

Health | — — = Child marriage

Early
Childbirth

Poor Hygiene

Source: Author’s own drawing 35

Tablel: Health Status of Women in India over
time (2019-2024) ata Glance

NFHS-6
(2023-24)
(all India (all India
total) total)
(%) (%)

19.7

NFHS-5
(2019-21)

Nutritional Status of
Women
(age 15-49 years)

‘Women whose Body 18.7
Mass Index (BMI)
is below normal

((BMI<18.5 kg:"mz)(%)

‘Women who are 24.0
overweight or obese
(BMI >25.0 kg/m2 )

(%)

Blood sugar level - high 75 6.1
(141-160 mg/dl) (%)

Elevated blood pressure 213
(Systolic =140 mm of
Hg and/or Diastolic =90

mm of Hg) or taking
medicine to control
blood pressure (%)
‘Women age 15-24 years
who use hygienic
methods of protection
during their menstrual
period (%)

79.2 77.6

Source: Author's own findings from NFHS data

From the above table we observe that the
percentage of women who are overweight or
obese has increased to 20.7 % in 2023-24 from
2029-21 when it was (24%). More incidence
of high level of blood sugar among Indian
women has been recorded in 2023-24. Around
7.5 % of Indian women recorded elevated
level of blood sugar in 2023-24 than from
2019-21 when it was 6.1%. A minimal
decrease in percentage of women having
elevated blood pressure is observed in 2023-
24(19.4%) than from 2019-21(21.3%).

From the above table we observe that the
percentage of woman having elevated blood
sugar, having high level of blood pressure and
who are overweight is more in urban India
than in Rural areas. Howevermore percentage
of women are underweight in rural India than
Urban. The next diagrams, drawn on the basis
of the dataset used in Table 1 and in Table 2,
describe the overtime change in women
health Status in India (2019-2024).
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Table2:Health Status of Women in
India(Rural-Urban comparisonover time (2019
-2024) ata Glance

MNutritional Status of

NFHS-6 (2023-24)

Women
(age 15-49 years)

Urban
(%)

Rural (%)

‘Women whose Body
Mass Index (BMI)
is below normal
(BMI<18.5
keg/m’)(%)

13.2

22.5

Women who are
overweight or obese
(BMI =25.0 kg/m2 )
(%0)

42.8

25.5

Blood sugar level -
high
(141-160 mg/dl) (%)

8.0

7.3

Elevated blood

23.5

17.8

pressure
(Systolic =140 mm
of Hg and/or Diastolic
=90 mm of Hg) or
taking medicine to
control blood pressure
(%0)
Women age 15-24
years who use
hygienic methods of
protection during
their menstiual period
(%)
Source: Author’s own findings from NFHS data

90.7 75.0

Fig 2: BMI of Indian women at a glance:
Comparison overtime (2019-21 and 2023-24)

20
15
10
5
w2023-
0 24
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(BMI) is or obese
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normal

Fig3: Blood sugar level of Indian women at a
glance: Comparison overtime (2019-21 and
2023-24)

10
g m Blood sugar
level - high
(141-160

mg/dl)16 (%)

® Blood sugar
level - very high
(>160 mg/dl)16
(%)

2023-24 2019-21
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Fig 4: Level of Blood Pressure of Indian women
at a glance: Comparison overtime (2019-21 and
2023-24)

25
= Moderately or
20 - severely elevated
blood pressure
15 (Systolic 2160
mm of Hg and/or
Diastolic 21
10 =
m Elevated blood
5 pressure (Systolic
=140 mm of Hg
and/or Diastolic

0] T v =90 mm of Hg) or
2023-24 2019-21 taking medicin

Fig 5: Usage of hygienic methods of protection
during menstrual period (Rural-Urban
Comparison (2023-24)

100 7 Women age
20 ,/ 15-24 years
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/" methods of
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menstrual
0 L e period(%)

Women age 15-24 years who use hygienic
methods of protection during their
menstrual period(%)

Urban Rural

Fig6:Usage of hygienic methods of protection
during menstrual period comparison over two
time periods (2019-21 and 2023-24)
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Conclusion and Policy Implication:

Women are deprived of basic health care and
nutrition due to several factors. Healthy food
habits and adequate intake of nutrients
essential for women health must be addressed
immediately by the planners. Gender
inequality and attitude towards women is the
most crucial constraint to the health status of
women. Cardiovascular diseases are also
more common in women compared to men,
due to inadequate access to healthcare
services. Women herself place them in the
backseat in terms of their own health care and
give more attention to the health of other
members of the family, the factis commonina
deep rooted patriarchal society. Better

nutrition, education and access to healthcare
services should be free from any type of
gender biases. Government policies must
focus on improving the literacy rate and
quality education among women. Beside that
Government must create adequate
employment opportunities for women, which
might explore positive impact on the women's
health concerns. Also there is an urgent need
to improve the dietary habits of pregnant and
lactating women amidst considerable socio-
cultural and economic influences.
Government Programmes and Campaign on
hygienic habits among women, practice of
safe sex, awareness about access to health
care services during pregnancy and delivery

can improve the health status of women.
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Abstract: Lalon Shah (1774-1890) is
regarded as an important and prominent
figure of Folk philosophy and culture. His
philosophy mesmerizes people of different
countries equally. “UNESCO of United
Nations declared Baul song 'A masterpiece of
the Oral and Intangible Heritage of Humanity'
in 2005. This is why Lalon the pioneer of Baul
philosophy has become the most curious
subject to foreign readers.”’ Lalon's songs
bear great philosophical significances. He
was a preacher of Humanism and laid
importance on humanity at large. Lalon Shah
is undoubtedly a significant figure in the
history of Bengal who through his songs stood
against Caste system and all sorts of social
evils. LalonShah remains relevant in all ages
across globe. In this research paper, attempt
will be made to revisit the impact and
influence that Lalon Shah has had on
Rabindranath Tagore. The author has tried to
trace the line of similarities between the
philosophy of Lalon and Tagore. It is believed
that Rabindranath Tagore was deeply
influenced by Lalon. This work explores the
areas of influence. Lalon Shah and
Rabindranath Tagore, despite coming from
different backgrounds and belonging to
different time frame had a lot in common in
their philosophy and artistic expression.

Keywords: Lalon Shah, Haramoni,
Monermanush, Jeevandevata,Baul

Introduction:

Lalon Shah is considered as a great
personality of Folk tradition. “Little is known
about the personal life of Lalon Shah. He was
born probably at village Harishpur in
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Jhenaidah district, variantly, in a Kayastha
family of Bhadra village in Kumarkhali of
Kushtia district.”” There is a lot of controversy
regarding his caste, religion and place of birth.
He himself vehemently opposed caste system.
There is also difference of opinion with regard
to whether Lalon is a baul or a fakir. Many
researchers have mentioned Lalon as Baul but
we hardly find any instance in Lalon songs
where he called himself a Baul on the contrary
he described him as a fakir. Lalon was
initiated in fakiri mat and SirajSai was his
Guru. He was nurtured in the fakiri
environment and culture for a long time and
adopted the virtues of a fakir so why should
we hesitate calling him a fakir.’Commoners
often use the terms Baul and Fakir
interchangeably so we may designate himas a
forerunner of Baul-fakir tradition, without
going into much controversy. He was never
interested in upholding his identity in public
rather believed strongly in humanism. Tagore
was deeply influenced by Lalon and Baul
songs.

Discussions:

Songs by Lalon Shah have special religious
and social significance and are also very good
in terms of literary and musical quality.
Rabindranath Tagore gave no hints that the
traditional notion of his meeting with Lalon is
wrong. His view on this matter is unclear and
ambiguous.In the 'Ashirbad' section of
Haramoni’ compiled by Md. Monsurruddin,
Tagore opined that: When he stayed in
Selaidaha, he always used to have meeting
and discussions with Baulgroups, in many of
his songs he included baul music. But he
never clearly said anything whether Lalon
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was included in that group or not. In
PrabashiPatrika from baisakh,1322(BS) for
publication of Folksongs (Lokasangeet) a
new section named Haramoni was introduced.
The name haramoni signifies lost treasures of
folk culture.

He had much admiration and love for
Lalon who occupied an important position in
his scope of study which is revealed through
the fact that from Veda-Upanisad to Bible and
Lalon's biography were there in his study
table.’

We witness influence of Lalongeeti on
Rabindrasangeet.

Lalon: Amar gharer chabi parer hate
Kemne khuliya se dhan dekhbo choksete...

Rabindranath: Bhenge more gharer chabi
Niye jabi ke amare

O bandhu amar!

Na peye tomar dekha eka eka din je amar
katenare!...

Rabindranath Tagore is a notable figure of
Bengali literature. His widely acclaimed
composition Gitanjalibrought Bengali
literature to the limelight and gave it an
international foothold. Previously, though
there were rich resources within Bengali
literature and culture still it failed to gain its
position in International world. We realize the
influence of Lalon Shah's thoughts coinage
and tune of songs in his Gitanjali. Lalon may
have born in an ordinary rural family but he
was a gifted son of undivided Bengal with a
spiritual and philosophical bent of mind. He
tried to create a different ideological tradition
known as Lalondarsan that spoke for unity
and equality at the then dark society which
was totally broken by religious and caste
divisions. From this time the Baul-Fakir
tradition and movement started gaining force.
As Lalon's songs were not preserved in
written form due to Lalon's so called
ignorance and passed orally, the songs may
have been distorted to some extent. His

40

disciples and admirers tried to preserve the

legacy of Lalon's songs through ages. Among
the admirers and collectors of his songs the
name of kaviguru Rabindranath Tagore is
worth mentioning.

“Rabindranath Tagore collected a manuscript
of Lalon's songs from Lalon'sAkhda at
Chheunriya and had 298 songs copied
therefrom. He selected 20 songs out of them
and got them published in four consecutive
issues of the Prabasi”."Six songs have been
published in Haramoniby Md. Monsuruddin
and there it is clearly written that these are
collected by Rabindranath. He was
mesmerized by the music and
philosophicalundertonings of the songs by
Lalon, who had no formal education. Tagore
admired Lalon's work and quoted the opening
lines of one of Lalon's famous songs,
“khancharvitorachinpakhi”, in his Hibbert
Lectures at Oxford. Many years ago, Tagore
recognized the depth of Lalon's philosophy
and shared it with the world.However after
Lalon's death; we have not done a good job of
spreading his philosophy globally. Hence
despite its unique appeal, Lalon fakir and
much of his philosophy remain unknown to
the world.

Tagore was very much attracted to Baul music
and many of his writings reflect that
influence. Like Lalon, he also held the same
view that God is nowhere outside; he resides
inside the human body and the body is the
temple of that living God. But ordinary man
fails to realize that and search for God outside.
We find that utterance in one of Tagore's
songs:

Amar hiyar majhe lukiye chile

dekhte ami paini tomay dekte ami paini

Bahir pane chokh melechi

Amar hridoye pane chaini...”

In this regard, to quote a song of Lalon:

Eimanushe sei manush ache

Kato muni rishi char yug dhore tare beracche
khunje

Jole jemon chnad dekhajaye

Dhorte gele hate ke paye
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Temni se thake soday
Ache aleke bose. "

Tagore's interest for the life and songs of
Baulsinfact developed to a large extent after
coming in contact with GaganHarkara at
Silaidaha. Love and Humanism form the core
of'the Baul philosophy. We find close parallels
of Lalon's philosophy with that of Tagore.
Rabindranath understood that the concept of
monermanush as conceived by the Bauls is
close to the idea of Jeevandevata. Tagore's
goal was to make humans more divine and to
bring God closer to natural experience. To
him, the almighty expresses His ananda (Joy)
in creation and that gets manifested in His
created beings as well. Rabindranath believes
that individual Joy lies in realization of God
within one's soul.

Tai tomar ananda amar 'par
. . . 9
Tumi tai esecho niche...

Tagore feels, this finite body is the receptacle
ofthe Infinite Being. He writes,

Simar majhe asim tumi
. 10
Bajao apon sur ...

To Rabindranath, Love is a highest Virtue,
which encompasses many other virtues and
through Love we can realize the divinity
within our finite existence. Similarly,
forLalonGod resides within this mortal body.
One strives to achieve union with this God,
who is one's own monermanush.

Love is the best way to realize this
unity. With a mind full of hatred, ill-feeling,
conflict, the realization of the Supreme is not
possible. Lalon through his numerous
compositions has spread the message of unity,
love and humanism.Lalon search for his
'monermanush'(paramatman) within the
mortal existence. Humanism was the greatest
treasure of his ideological life. So he opined
that the traditional religion create division
within man. The essence of humanism is the
union of man and Supreme Being.
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One who can realize the essence of human
religion can grasp the ultimate.

He said: Dane veda bame koran, majhkhane
fakirer boyan
Jar hole sei dibyojnana sei dekhte paye.

This theme resonates in Tagore in this way:

Simar majhe asim tumi bajao apon sur
Amar modhye tomar prokash tai eto modhur.

Here, Tagore believed that the almighty
resides in the finite existence and this
presence brings beauty in an individual. We
fail to realize this presence and so act contrary
to humanity. To Tagore, humanism is the
ultimate religion. We often fail to realize the
presence of the Supreme Being within us and
our behaviour stands contrary to humanity.

Rabindranath:

Rupsagare dub diyechi

Arup ratan asha kori

Ghate ghate ghurbona ar
Bhasiye amar jeerno tari
Somay jeno hoy re ebar

Dheu khayoa sab chukiye debar
Sudhay ebar toliye giye

Amar hoye robo mori."

Lalon:

Ruper tulona rupe

Phoni moni soudamini
Kiartar kache sobhe
jedekheche sei atal rup
bak nahi tar, mereche chup
par holo se e bhava rup
ruper mala hridoye jape.”

Upanisad says 'Atmanamviddhi' know
thyself. Both Lalon and Tagore feel that we
should know ourselves. One who knows
oneself ultimately realizes the Absolute. The
main theme of Lalon’s philosophy is to realize
oneself shunning off all sorts of egoism and
greed, lust etc. He never preached any new
'ism' rather re-echoed the same simple facts
already preached by many seers, avatars and
great personalities. Lalon earnestly yearned
for the union with the almighty.
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Milon hobe kato dine/ amar moner manusher
sone...

Similarly to get the divine touch, Tagore too
became restless and wrote:

Jadi tomar dekha na pai prabhu ebar e
Jjeebone

Tabe tomay ami paini jeno

Se katha roy mone

Jeno bhule na jai, bedona pai sayone
swapane”

OR

Amar milan lagi tumi

Ascho kabe theke

Tomar Chandra surjo tomay
Rakhbe kothay dheke

Kato kaler sakal snaje
Tomar charon dhoni baje
Gopone dut hridoya majhe
Geche amay deke."

It is true that the songs of Lalon Shah and the
Baul tradition had an influence on Tagore and
his work, Gitanjali. Some of the songs of
Gitanjali like: Chai go amitomare chai or
Rupsagare dub diyechior Tai
tomaranondoamarpor, reflect the influence.
Although Tagore didn't directly borrow
themes from Lalon's specific lyrics, he was
deeply inspired by the Bauls' mystical and
devotional way of looking at life. This is
reflected in Gitanjali's focus on devotion,
love, and the longing for the divine. Tagore's
poetic style and his spiritual exploration were
also shaped by Lalon's songs. He became
familiar with Baul music through
GaganHarkara and was especially drawn to
Lalon Shah's songs.

Gitanjali, which translates to "Song
Offerings," explores the themes of devotion
and the yearning for the divine, echoing the
mystical nature of Baul songs. Tagore's own
spiritual journey was significantly impacted
by Lalon's songs, which contributed to his
unique style of poetry.

Lalon Shah and Rabindranath Tagore, despite
coming from different backgrounds, had
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many similarities in their philosophy and
artistic expression. They stressed the
importance of inner spiritual realization and
the search for the divine. They both explored
themes like humanism, equality, and the
presence of the divine in the world through
their poetry and songs.

Both Lalon and Tagore believed in
finding the divine inside oneself, which is a
key idea in their traditions. Lalon's teachings
ignored social differences and focused on
searching for the soul, while Tagore looked at
how the human soul can reach enlightenment.
Both Lalon and Tagore played important role
for changing society. Lalon's music didnot
follow religious or class boundaries and
encourage unity.Tagore's work also valued
human relationships and showed that social
and cultural differences don't matter when it
comes to deeper truths.Lalon's ideas attacked
the inequalities and injustices prevalent in the
society and tried to build a just society.
Tagore's writing and actions also aimed to fix
social unfairness and create a fairer world.
They believed everything in the world is
connected and that the divine is part of
everything.

Vaishnavism, Sufism and Buddhism,
had great influence on both Lalon Shah and
Rabindranath Tagore which made their ideas
and art works very similar. They both
followed the bhakti tradition, which is about
love, devotion, and seeing the divine as
one.Lalon's songs, especially those about love
and self, match Vaishnava ideas of devotion
and giving up ego. Tagore's poetry, even when
it doesn't directly mention Vaishnavism, often
talks about love and the divine, showing same
influence.Lalon'sBaul songs focus on
mystical experiences and are influenced by
Sufism, especially its ideas about the inner
self and spiritual journey. Tagore's poetry also
has Sufi themes, like love, union with the
divine, and the search for truth. Both Lalon
and Tagore were inspired by Buddhist ideas of
compassion, humanism and equality.

Conclusion:
The whole discussion makes it clear that
Tagore was deeply influenced by Lalon Shah
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and both shared many similarities. But it It is true that Tagore held Lalon and Baul
should not be apprehended that themes or songs in high esteem and was mesmerized by
some languages are directly taken from its philosophical nectars. In this critical world
Lalon's songs, rather both drew ideas from scenario, messages of Lalon and those of
many traditions like Vaishnavism, Buddhism, Tagore regarding humanism, equality and
Sufism etc. which resulted in the similarities. love seem very much relevant.
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Abstract

Artificial Intelligence (Al) and Machine
Learning (ML) are rapidly transforming
medical diagnosis by enabling the efficient
analysis of complex healthcare data,
including medical images, electronic health
records, and genomic information. Al-based
diagnostic tools have demonstrated high
accuracy in detecting diseases across various
specialties such as oncology, cardiology,
neurology, dermatology, and ophthalmology.
These technologies support early disease
detection, risk prediction, and personalized
treatment planning, thereby improving
clinical decision-making and patient
outcomes. Despite their significant potential,
challenges related to data privacy, algorithmic
bias, transparency, and regulatory approval
remain barriers to widespread
implementation. Continued advancements in
Al, wearable health technologies, and
precision medicine are expected to further
enhance diagnostic capabilities and
healthcare delivery in the future medicine

Keywords: Artificial Intelligence, Machine
Learning, Medical Diagnosis, Deep Learning,
Precision Medicine, Health Technologies.
Introduction

Artificial Intelligence (Al) has emerged as
one of the most influential technological
advancements in modern healthcare,
transforming the way diseases are diagnosed,
monitored, and managed [1]. The increasing
burden of chronic diseases, aging
populations, rising healthcare expenditures,
and global health emergencies have
accelerated the adoption of Al-driven
solutions in clinical practice [2]. Al comprises
a diverse set of computational technologies,
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including machine learning (ML), natural
language processing (NLP), computer vision,
and advanced analytics, which enable
healthcare systems to process and interpret
vast amounts of complex medical data
efficiently. The growing demand for accurate,
timely, and personalized healthcare has
further stimulated interest in integrating Al
into diagnostic and therapeutic workflows
[3].

Recent advances in Al have enabled the rapid
analysis of medical images, genomic data,
physiological signals, and electronic health
records (EHRs), providing valuable support
for clinical decision-making. Al-powered
algorithms can identify subtle patterns and
relationships within large datasets that may be
difficult for human experts to detect, thereby
enhancing diagnostic accuracy and reducing
clinical workload [1]. These technologies
have demonstrated significant potential
across a wide range of medical specialties by
facilitating early disease detection, risk
prediction, and personalized treatment
planning [4]. In particular, applications in
radiology, pathology, genomics, cardiology,
and ophthalmology have shown remarkable
improvements in the interpretation of
complex medical information, contributing to
more efficient, accurate, and cost-effective
healthcare delivery. As Al technologies
continue to evolve, they are expected to play
an increasingly important role in advancing
precision medicine and improving patient
outcomes worldwide.

Historical Development and Evolution of
Artificial Intelligence in Healthcare
The evolution of artificial intelligence (Al) in
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healthcare has been marked by significant
technological advancements over the past five
decades. The earliest applications of Al in
medicine emerged during the 1970s and
1980s with the development of rule-based
expert systems designed to mimic human
clinical reasoning. One of the most notable
examples was MYCIN, an expert system
developed to assist physicians in diagnosing
bacterial infections and recommending
appropriate antimicrobial therapies. These
systems relied on predefined knowledge
bases and logical inference rules to support
clinical decision-making [5].

The limitations of rule-based systems,
including their dependence on manually
encoded knowledge and restricted
adaptability, led to the emergence of machine
learning (ML) approaches. Unlike traditional
expert systems, ML algorithms can learn
complex relationships directly from data,
enabling continuous improvement in
predictive performance as larger datasets
become available [6]. The rapid growth of
digital healthcare data, combined with
advances in computational power and cloud-
based infrastructure, has accelerated the
adoption of Al technologies across the
healthcare sector.

More recently, the development of
deep learning algorithms, particularly
artificial neural networks and convolution
neural networks (CNNs), has revolutionized
medical diagnostics. These models are
capable of extracting intricate features from
medical images, genomic datasets, and
electronic health records (EHRs), often
achieving diagnostic performance
comparable to that of experienced healthcare
professionals [7]. The integration of big data
analytics, high-performance computing, and
Al has further expanded the scope of
intelligent healthcare systems.

Today, Al plays a pivotal role in
numerous aspects of healthcare, including
disease screening and early detection, risk
prediction, clinical decision support,
medicalimage interpretation, precision
medicine, and population health
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management. As Al technologies continue to
mature, their applications are expected to
become increasingly integrated into routine
clinical practice, contributing to improved
healthcare quality, efficiency, and patient
outcomes [8].

Role of Artificial Intelligence and Machine
Learning in Medical Diagnosis

Artificial Intelligence (AI) and Machine
Learning (ML) are transforming medical
diagnostics by addressing many limitations
associated with conventional diagnostic
approaches, including diagnostic variability,
time constraints, and human error [9]. By
enabling the rapid analysis of large and
complex healthcare datasets, Al-driven
systems support early disease detection, risk
prediction, and evidence-based clinical
decision-making[4].

Advanced Al algorithms can efficiently
process medical images, genomic data,
laboratory findings, and electronic health
records, facilitating the identification of
subtle disease patterns that may be
overlooked during routine clinical evaluation
[10]. Consequently, Al has significantly
improved diagnostic accuracy and efficiency
across multiple specialties, particularly
radiology, pathology, cardiology, and
genomics.

Beyond diagnosis, Al contributes to
drug discovery, treatment optimization, and
precision medicine by enabling personalized
therapeutic strategies based on individual
patient characteristics [11]. The integration of
Al into healthcare workflows has further
enhanced operational efficiency, reduced
diagnostic turnaround times, and improved
patient outcomes [12]. Owing to these
advancements, AI and ML have become
essential tools in modern healthcare and are
expected to play an increasingly important
role in the future of medical diagnosis.

Machine Learning

Machine Learning (ML) is a subset of
artificial intelligence that enables computer
systems to learn patterns from historical data
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and generate predictive models without
explicit programming. Commonly used ML
algorithms in healthcare include logistic
regression, decision trees, random forests,
support vector machines, and gradient
boosting models. These techniques have been
widely applied in disease prediction, risk
stratification, and clinical decision support
systems. In medical diagnostics, ML models
have demonstrated significant utility in
diabetes prediction, cardiovascular risk
assessment, cancer prognosis, and patient
stratification, thereby facilitating early
intervention and personalized healthcare
strategies 13, 14].

Deep Learning

Deep Learning (DL), a specialized branch of
machine learning, employs multilayer
artificial neural networks to automatically
learn complex features from large and diverse
datasets. Unlike conventional ML
approaches, deep learning algorithms can
perform automated feature extraction,
making them particularly effective for image-
based diagnostics. Recent advances in
convolutional neural networks (CNNs) have
significantly improved the interpretation of
radiological images, histopathological slides,
and dermatological lesions. Consequently,
deep learning models have achieved
diagnostic accuracies comparable to those of
experienced clinicians in several medical
specialties, particularly in oncology,
radiology, and dermatology [ 15, 16].

Natural Language Processing

Natural Language Processing (NLP) enables
computers to interpret, analyze, and generate
human language. In healthcare, NLP has
become an important tool for extracting
clinically relevant information from
unstructured medical data, including
physician notes, discharge summaries,
pathology reports, and electronic health
records (EHRs). NLP applications facilitate
automated clinical documentation, disease
surveillance, medical literature mining, and
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decision support, thereby improving
information accessibility and reducing
administrative burden within healthcare
systems [17].

Computer Vision

Computer Vision is a branch of Al that focuses
on the automated analysis and interpretation
of visual information. In medical diagnostics,
computer vision technologies enable the
accurate assessment of medical images
obtained from modalities such as X-ray,
computed tomography (CT), magnetic
resonance imaging (MRI), ultrasound, and
digital pathology. By detecting subtle
anatomical and pathological features,
computer vision systems enhance diagnostic
accuracy, support disease classification, and
assist clinicians in identifying abnormalities
that may be difficult to detect through manual
interpretation alone. These capabilities have
made computer vision one of the most
influential AI technologies in modern
diagnostic medicine [18, 19]. Figure. - 1

Clinical Applications of Artificial
Intelligence in Medical Diagnosis

Al'in Radiological Diagnostics

Radiology represents one of the most
successful applications of artificial
intelligence in clinical medicine. Deep
learning models, particularly convolutional
neural networks (CNNs), have demonstrated
remarkable performance in the interpretation
of medical images, often achieving diagnostic
accuracy comparable to experienced
radiologists. Al-assisted systems are widely
used for the detection of lung nodules, breast
cancer screening, fracture identification, and
brain tumor classification. These technologies
enhance image analysis, reduce diagnostic
workload, and facilitate early disease
detection [20, 21].

Alin Pathology

The integration of artificial intelligence with
digital pathology has transformed tissue-
based diagnosis by enabling automated image
analysis and quantitative assessment of
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histological specimens. Al algorithms can
accurately identify tumors, perform
histological grading, quantify cellular
components, and detect diagnostic
biomarkers. By minimizing inter-observer
variability and improving reproducibility, Al-
assisted pathology has enhanced diagnostic
precision and efficiency in routine clinical
practice [22,23].

Alin Cardiovascular Medicine
Cardiovascular diseases remain a leading
cause of global morbidity and mortality,
creating a substantial need for accurate and
timely diagnostic tools. Al-based approaches
have shown considerable promise in
electrocardiogram (ECG) interpretation,
arrhythmia detection, echocardiographic
analysis, and heart failure prediction. These
systems facilitate early risk assessment and
clinical decision-making, thereby improving
patient management and outcomes [24, 25].

Alin Oncology

Artificial intelligence has become an integral
component of modern oncology by
supporting cancer detection, classification,
prognosis, and treatment planning. Al
algorithms can analyze radiological images,
histopathological slides, genomic datasets,
and biomarker profiles to identify malignant
changes and predict therapeutic responses.
Such capabilities contribute significantly to
precision oncology, enabling personalized
treatment strategies tailored to individual
patient characteristics [26,27].

Alin Ophthalmology

Ophthalmology has emerged as a prominent
field for Al implementation due to the
availability of high-quality retinal imaging
data. Deep learning systems have
demonstrated high sensitivity and specificity
in detecting diabetic retinopathy, glaucoma,
and age-related macular degeneration. These
automated diagnostic tools are particularly
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Figure 1. Framework of Artificial Intelligence in Medical Diagnostic Decision-Making
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Abstract Sari Gaan (Sari songs), a
traditional genre of folk music deeply rooted
inthe riverine landscape of Bengal, serves as a
profound cultural manifestation of
syncretism. Historically originating as
rhythmic work songs (shromsongeet) sung
collectively by boatmen during boat races
(nowkabaich) and later adapted by
construction workers during roof-beating
(chhadpetano), these songs transcend mere
occupational utility to bridge socio-religious
divides.This paper explores how Sari Gaan
functions as a vital site for Bengali syncretic
culture (samanwaysanskriti). Finally, this
article argues that Sari Gaan subverts
orthodox religious dogmas and rigid caste
hierarchies, offering a powerful historical
template for the fluid, pluralistic, and unified
cultural fabric of Bengal.

Keywords : Sari Gaan, Syncretism, Folk
Culture, Work Songs, Communal Harmony.

Introduction -Boat was a space shared by
both the Hindu and the Muslim communities.
It virtually became the home for the boatmen
belonging to both communities when they
departed for a long journey. They used to sing
various songs in their free time, or when they
tried to forget the agony of hard work as well
as remembered their loved ones who were
away from them. Primarily two kinds of songs
were sung by them on boats. One genre of
songs was bhatiyali and the other one was
sari. It is certainly difficult to identify the
lyricists or composers of these songs due to
the lack of sources. Interestingly, the lyrics of

both genres of songs were created by boatmen
themselves, in which were combined their
emotions, natural surroundings, time and
circumstances. Later some of these songs
found their way into literary sources and
composed by others artists as well. Such
songs were usually performed on a boat
following a certain order. After they started
steering the boat, helmsmen would begin a
song and other boatmen would follow it. The
main singer of such songs is called bayati.
Apparently, the songs were sung for their
leisure and to refresh their mind in order to
reduce the burden of their hard labour.’
Through this practice, boatmen entered the
world of Bengal's mysticism. The icons and
motifs represented in these songs and their
language were rooted in the multi-
dimensional world of Bengal mysticism. To
put the point in a historical context, references
to saari songs can be found in Manasamangal
Kavya, which is oldest of the Bengali Mangal
Kavyas—a groups of texts composed
between the thirteenth and eighteenth
centuries with narratives of indigenous deities
of rural Bengal. There are different texts
available of Manasamangal composed by
different poets. While depicting a scene of the
spring, the fifteenth-century poet Bijay Gupta
wrote in Manasamangal.

Kuhu kuhu kariya kokil gay saari
Charidike beriya Madan koredhari.’
(Cuckoos are singing saari songs
Lord Madana is moving in circles and

playing.)
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In the verses quoted above, 'Madan' is the
Hindu Puranic deity Lord Madana, who is the
god of erotic love, desire and beauty. Bipradas
Pipilai, another Bengali poet from the
fifteenth century, depicted a situation in
Monosamongol in which Chand Sadagar, an
eminent trader and the protagonist of the
narrative, left home on a trading voyage:

Pujilo betai Chandi Chand

dandadhor

Haroshite saari gaynayer Nafar.!
(Chand the ruler worships Goddess Chandi

Shyam Chand Gupta (1774-1854) published
a collection of saari songs titled Saari Gaan
Sangraho and later, Ramprasad Gupta also
published a similar collection with the title
SaariGaan. During the reign of the Mughal
emperor Jahangir (1605-1627), the genre of
saari songs was introduced through boat
race.” As mentioned earlier, the icons and
motifs represented in this type of songs and
their language were rooted in the world of
Bengal mysticism, but the form of these songs
was the innovation of boatmen. As composers
and performers of saari songs, boatmen also
acted as agents in the making of the heterodox
religious tradition in Bengal.’

The themes of these songs deserve
close academic attention. While the themes
include the romantic love of Radha and
Krishna, ShriChaitanya, folk romance, prank
and anatomy, etc., according to some
collectors of saari songs, the predominant
theme in these songs is various exploits (leela)
of Lord Krishna.” Timothy Rice has argued,
“Phenomenologically, musical experience in
the present is partly conditioned by inveterate
previous experience.” Taking a cue from this
point, it can be argued that the historical past
can also be traced through these songs. An
extract from one saari song is cited below as
aninstance:

One good example of love is the love

of Radha and Krishna

They fell in love eons back, and still

today they are crushed.’

In this song, the experience of the past is seen
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as a continuity perpetuated in the lived
present. Probably the earliest instances of
saari song were collected in 1813-14, which
were quoted in Jaynarayan Ghoshal's
Karunanidhan Bilash. The text depicts a love
scene (leela) with the milkmaids on a boat:

The young Krishna is the head pilot

The whole world is at play in the
waters

His magic turns water creatures into
boats

Krishna is the majhi and the

milkmaids the rowers

As they row, their bangles and
anklets rattle to the rhythm

On the highest note, the women of
pleasure sing.’
In another example of the love scene
with Radha, collected in the twentieth
century, the chief playmate was Lord
Krishna with milkmaids as his
accomplices:
O Kanai [Krishna], ferry me across
the river

I will pay you the money I make in
the bazaars of Mathura.
You beautiful Kanai, and your broken
boat.
Where shall I keep the pots of curd,
and where shall I put my feet
Kanai replied, listen O, embodiment
ofrasa [savoring/pleasure]
Why did you come to the brimming
river in full monsoon?

First, put your pots of curd in the boat
and then sitin the middle.
Why do you drift in shame in the rain
drops?
[ will ferry all sakhis [Radha's female
friends] for an anna each.
But for Radhika, I will charge her
gold earrings."”

Another well-known saari song quoted in
Adwaita Mallabarman's novel Titas FEkti
Nadir Nam (Titas: The Name of a River),
which was published in 1956, is an expression
of folk romance, where the lover named his
boat Udaytara after the name of his beloved:
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Give him a call, outside the premises,
oh sister, give my closeset companion
ofheartacall.
My friend expressed his intent to eat
rice...  brought Ghagur fish, oh sister,
I have sent for milk, what plesure
would I find in ruppees and money;oh
sister, give my closest companion of
hearta call.
My friend goes to Dhaka,he prepares
his food on the brink of river, oh
sister, the forces of tide swept away
all the utensils,oh sister, give my
closest companion of hearta call.
My friend knows all the tricks, boat is
anchored in a haor [large lake]; oh
sister, the name of the boat was given
Udaytara, what a star, the beauty of
the star stole my heart, oh sister, give
my closest companion of heart a call.
As my friend would come, I did not
bolt the door,
Ohssister, he stole my youth instead of
treasure,
Whata theft, a grand theft,
Oh sister give my closest companion
ofheartacall.”

Another song from the same novel talks about

the consequences of a secret romantic affair:
Why are you throwing brickbats
when there are no fruits in the mango
tree?
We have not been meeting since long,
then why do you invite me through
your eyes?
We met in a secret rendezvous in the
bur flower plant,

But all the neighbors acted as

enemies as they spread the news in a
jiffy.”

Ashutosh Bhattacharya, a linguist
and a historian of the Bengali language and
literature and a collector of Bengali
performing arts, has noted a significant aspect
of'these songs:

One must remember that in Eastern Bengal,
the singers [of saari songs] are Muslims. Itis
only very rarely that a few singers of lower-
caste Hindu origin can be found. Hence, the
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songs have been composed and performed by

Muslims. But, the themes in all instances are
that of Radha-Krishna and Nimai
[Chaitanya].”

On the other hand, many Sufi poets of Bengal
composed verses in Bengali which relate to
the Radha and Krishna iconography derived
from the Vaishnava tradition.” In late
medieval Bengal, 56 sects of Vaishnava
religion emerged in the eighteenth century.”
The central icons of all these sects were Radha
and Krishna and also Sri Chaitanya. All these
cultswere both eclectic and syncretic in
nature. Fakir Aulchand, the founder of
Kartabhaja sect, was himself a Sufi
practitioner. One legend about Aulchand
mentions that he was Chaitanya in disguise.
As the legend goes, disgusted with orthodox
Vaishnavism (GaudiyaVaishnavism),
Chaitanya took up the garb of a fakir.” It
should be noted that all of these sects rejected
caste hierarchy, thereby attracting a massive
following amongst the lower orders of
society. Instead of the founding
temples/mosques/shrines, leaders of these
sects established far more intimate contact
with the peasantry. For instance, the elders of
the Kartabhaja sect (Followers of the Karta or
the spiritual master) used to organize
congregations or baithaks in the house of a
follower on any chosen evening which would
continue through the night. Different grades
of disciples ensured wider participation.”

The principal characteristic common to all of
these cults was that they rejected caste system,
and thus, lower-caste people were naturally
attracted to them. Like many other Sufi and
Bhakti sects from medieval India, all of these
Vaishnava sects had a guru-
shishyaparampara or master-disciple
tradition. The songs they performed always
had an allegorical significance. The figure of
the helmsman recurs through a number songs
connected with several of these sects. These
songs can be read as an allegory for the
importance of a teacher or the guru in the
followers' lives. Such songs usually depict a
common form of symbolism. The human
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body is a frail craft in which the traveler set
forth in the stormy river of life, and the senses
are drunken ferrymen who would invariably
crash the boat on the rocky riverbed of life.
One's only hope is the helmsman, or guru
who, with a steady hand, could lead the boat to
its final destination.” A few examples of saari
songs with such underlying symbolism are
cited below:

I fear going alone

Come guru, let us cross the river

together.

Firstdiscard the habits of the body
Find a balance between the outside
and the inside
Follow the lead of Sujan, the pilot
He will take you on the boat.”
Another example of a saari song that reflects
the ambiguous nature of love is quoted below:

Reference :

Loveisajewel, loveis care
Loveisabigheadache

No matter how hard you try
You can't getrid of it

Just as the bones of tyangra fish
Cleave unto human flesh.”

Conclusion - Inconclusion, the above songs
and its component is a powerful testament to
the organic, syncretic fabric of Bengali
culture. Originated from the rhythmic labor of
the waterways, it unveils rigid theological
boundaries by blending Hindu Vaishnava
lore, Sufi mysticism, and secular working-
class realities into a single musical form. By
elevating shared human experience and
collective survival over sectarian division,
this folk tradition proves that Bengal's cultural
identity is fundamentally defined not by
separation, but by a deep, flowing harmony.
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Abstract:
Carbon Quantum Dots (CQDs) are emerging
nanomaterials with significant potential in
biomedical applications. Information
regarding their in vivo toxicity remains
limited. This study investigated the
biodistribution and toxicological effects of
CQDs in Swiss albino mice following
intravenous administration of a CQD
suspension (10 mg/kg body weight) in
phosphate-buffered saline (PBS).
Biodistribution was assessed through
fluorescence microscopy of liver, lungs,
spleen, and kidney tissues collected at
intervals ranging from 1 to 120 hours after
injection. Fluorescence signals were detected
in all examined organs, indicating widespread
distribution of CQDs. A gradual decrease in
fluorescence intensity over time suggested
progressive clearance of CQDs from the
body. Toxicity studies were conducted by
administering CQDs for ten consecutive days
and evaluating physiological and biochemical
parameters on the 11th and 16th days.
Results showed a temporary
reduction in body weight during treatment,
which recovered after withdrawal of CQDs.
Organ weights of the liver, kidney, and spleen
remained unaffected. Biochemical analysis
revealed elevated serum alanine
aminotransferase (ALT) levels on the 11th
day, indicating mild and reversible hepatic
stress, while aspartate aminotransferase
(AST), creatine, and creatinine levels
remained within normal ranges, suggesting
the absence of significant liver or kidney
damage. Following cessation of treatment,
ALT levels returned to normal, demonstrating
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recovery of hepatic function.

The findings indicate that CQDs are
widely distributed throughout vital organs
and are gradually eliminated from the body.
Although CQDs may induce slight and
temporary hepatotoxic effects, these changes
are reversible upon withdrawal. Therefore,
CQDs appear to possess a favorable safety
profile and hold promise as biological probes
and imaging agents in biomedical research.

Keywords: Carbon Quantum Dots (CQDs),
biodistribution, nanotoxicology, fluorescence
microscopy, hepatotoxicity, nanoparticles,
biomedical applications, mice.

Introduction:

Particles with a fundamental dimension
within 100 nm have been termed as
nanoparticles. These have found use in
various fields of Science and Technology. Its
use in the field of medicine is a developing
area'"’. Although quantum dots have extensive
use in medicine data on toxicity are scarce.
Quite a few instances of in vitro cytotoxicity
studies with Quantum dots (QDs) has been
reported “” but little or very limited attention
has been paid to assess their potential toxicity
in vivo“”. There are reports 7 of
biodistribution of QDs, information on their
in vivo toxicity—or the alleged lack of it—has
been derived off shoot as of such studies
which were not specifically designed to
evaluate toxicity. One of the groups has
investigated the in vivo toxicity of synthesized
cadmium selenide/zinc sulfide (CdSe/ZnS)
QDs "' stressing on the pulmonary
inflammation and prothrombiceffets. The
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existing knowledge on the physiological
hazard of QDs is incomplete in comparison to
the drugs or other chemical agents “°.
Suspension in media and agglomerates of
nanoparticles are commonly used for
experiments.

As no toxicity study with Carbon
Quantum Dots (CQDs) has been documented,
the present study has been undertaken to
investigate the bio-distribution of the CQDs
in mouse model with biochemical parameters
detailing outline of the level of toxicity
induced by the QDs after intravenous (i.v)
injection of suspension of QDs in Phosphate
Buffer Saline(PBS). Although other studies
suggested the toxicity of carbon nanotubes,
to our knowledge, this is the first
comprehensive evaluation of the in vivo
toxicity of CQDs.

Materials and methods:

All chemicals used were of AR grade from
Sigma, SD Fine and SRL chemicals, India,
and all glass triple distilled water was used
throughout. CQD s were of 10 nm diameter,
water soluble, procured from Sigma Aldrich.
We used male albino Swiss mice supplied
from single breed. Standard protocols were
followed for biochemical assays".

Experiment

Distribution studies:

A suspension of 10 mg/Kg body weight of
CQD in Phosphate Buffer Saline was
administered i.v in Albino Swiss mice having
average body weight of about 12 g were. The
CQDS treated animals were then sacrificed
after 1 hr, 24 hrs, 48 hrs, 72 hrs, 96hr and 120
hrs of treatment to evaluate the presence of
CQDs in the system by fluorescence
microscopy. Liver, lungs and spleen were
isolated from the animals after sacrifice and
were cut into 1-2 mm cubes. The tissues were
prepared for fluorescence microscopic studies
following standard protocol"” . The slides
were then observed under the red and green
filter of fluorescence microscope.

Toxicity studies:
Albino Swiss mice were treated with CQDs
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for 10 consecutive days same as described
above. Animals were then sacrificed on 11"
and 16" day respectively and analyzed for
toxicity ifany.

Physiological and biochemical
parameters were noted. The former includes
body weight and unit weight of liver, kidney
and Spleen expressed as percentage of total
body weight. The biochemical studies include
serum AST/ALT [aspartate aminotransferase
(AST), alanine aminotransferase (ALT)]
activities, and blood creatine and creatinine.
AST and ALT indicates liver function where
as blood creatine and creatinine are
nephrological indices.

Results & Discussion:

Distribution studies:

The figures below show fluorescence
microscopic pictures indicating the
distribution of CQDs in mammalian system
after different time span from the time of
injection. Figure 1 shows sections of liver,
figure 2 those of lungs, figure 3 that of spleen
and figure 4 depicts sections of kidney.

As evident from the figures CQDs are present
in the system after 120 hrs i.e. 5 days after
treatment. But if we compare the pictures (a —
f and g-1 of each figure), we can see reduced
fluorescence intensity with passage of time.
This indicates removal of the CQDs from the
system.

Toxicity studies:
Table 1 & 2 represent the physiological
parameters (average body weight, unit weight
of liver kidney spleen expressed as percentage
of whole body weight) while table 3 shows the
biochemical parameters.
Body weight has been seen to decrease on
treatment with CQDs and has increased on
stopping the treatment with CQDs (Table 1).
The weight of liver kidney and spleen are not
adversely affected as the proportion of body
weight (Table 2) neither on exposure nor
withdrawal of CQD.

The AST values are well within the
normal range (99 £ 1.1) but the ALT value of
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11th day has increased well above the normal
range (43 £4.2) (17) not completely ruling out
hepatotoxicity, but the 16th day value has
decreased and is well within the normal range
suggesting temporary malfunctioning of the
hepatic cells on treatment with CQDs, which
return to normal on withdrawal of the
treament. Blood creatine and creatinine
values are well within the normal range ruling
out nephrotoxicity.

It has been suggested by others that
carbon nano particles and QDs are toxic to
physiological system(2-5,15). But our
comprehensive studies entail that there occurs
temporary malfunctioning of hepatic cells,

References:

which is characterized by elevated level of
serum ALT and fall of body weight. The
remarkable finding of this study is that the
physiological functions return to normalcy on
the withdrawal of the CQDs.

Conclusion:

The CQDs""being water soluble are widely
distributed in vital organs. Although, it
induces slight temporary toxicity but its
reversal is observed on withdrawal.
Moreover, its excretion from the system is
also evidenced from the present study. So, the
use of CQDs in biological system as probe
may become a promising area.
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Fig 1: Fluorescence microscopic pictures of histological section of liver under red and green filters.
(a) & (g):after 1hr; (b) & (h) : after 24 hrs; (c) & (i) : after 48 hrs; (d) & (j) : after 72hrs; (e) & (k) :
after 96 hrs (f) & (1) : after 120 hrs
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Fig 2: Fluorescence microscopic pictures of histological section of lung under red and green filters.
(a) & (g) : after 1hr ; (b) & (h) : after 24 hrs; (c) & (i) : after 48 hrs; (d) & (j) : after 72hrs;
(e) & (k) : after 96 hrs(f) & (1) : after 120 hrs
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Fig 3: Fluorescence microscopic pictures of histological section of spleen under red and green filters.
(a) & (g) : after 1hr ; (b) & (h) : after 24 hrs; (c) & (i) : after 48 hrs; (d) & (j) : after 72hrs;
(e) & (k) : after 96 hrs(f) & (1) : after 120 hrs
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Fig 4: Fluorescence microscopic pictures of histological section of kidney under red and green filters.

(a) & (g) : after lhr; (b) & (h) : after 24 hrs; (c) & (i) : after 48 hrs; (d) & (j) : after 72hrs; (e) & (k) :
after 96 hrs (f) & (1) : after 120 hrs

Table 1: Average body weight expressed in g

Time Body weight
Initial 11.6+1.19
11" day 95 £15
16" day 120425

Data represented as value +SD..n=3
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Table 2: Weight of liver, kidney and spleen expressed as percentage of total body weight of animals

Time Liver Kidney Spleen
11" day 4.6 =0.005 1£0.0 03+0.0
16" day 5.6+0.005 1£0.0 03+0.0
Data represented as value + SD.;n=3
Table 3: Serum AST & ALT, Blood Creatine& Creatinine values:
Time AST ALT Creatine Creatinine
11" day 36.99 53.33 1.07 0.53
16" day 29.26 38.39 1.08 0.31

Values expressed as International Unit (I.U)
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Abstract: Dr. Miklos Nyiszli's memoir, Keywords: Bioethics, grey zone, Holocaust,
Auschwitz: A Doctor's Eyewitness Account, medical humanities, narrative medicine,
exposes the profound moral ambiguity of a trauma.

Jewish doctor forced to assist Dr. Josef

Mengele's horrific medical experiments. Introduction

Operating within the crematoria, Nyiszli's The Holocaust was a massive turning point in
survival relied entirely on his professional history that completely tore apart the basic
status. This paper utilizes a medical foundations of Western ethics, science, and
humanities lens to explore his narrative, philosophy. The intersection of medicine,
examining how he weaponized Michel ethics, and literature durlng the Holocaust
Foucault's concept of the "medical gaze" as a challenges the very foundations of Western

humanism. Within this catastrophic
landscape, the memoir Auschwitz: A Doctor's
Eyewitness Account by Dr. Miklos Nyiszli
provides a chilling account from the epicentre
of the extermination machinery. Dr. Nyiszli, a
Hungarian Jewish physician, survived the
Holocaust by functioning as the chief
pathologist for the infamous Dr. Josef
Mengele who was called the “Angel of
Death” at the Auschwitz crematoria. The
book works as a piece of 'narrative
medicine'—a story that shows us sickness,
trauma, and survival from the point of view of
a doctor who had to compromise his own
ethics to stay alive. This coercion did not
occur in a historical vacuum. The Nazis
established death camps across occupied

clinical shield against overwhelming horror.
While critics like Bruno Bettelheim condemn
Nyiszli as an accessory to SS atrocities, this
study reframes his actions through Primo
Levi's framework of the "grey zone" and
Lawrence L. Langer's "choiceless choices." It
argues that standard moral metrics fail to
capture the reality of an environment
designed to force complicity and further asks
whether any post-war ethical vocabulary can
legitimately adjudicate conduct produced
under such conditions. The paper also situates
Nyiszli's testimony among comparable
Holocaust medical narratives, addresses
critical bioethical dilemmas regarding the
modern utility of Nazi medical data,

alongside Cathy Caruth's trauma theory, Europe to carry out the systematic
which views the text as a post—traumatic extermination of Jews and other groups they
attempt to negotiate survivor's guilt. targeted. These camps were central to the
Ultimately, by refusing to offer a regime's racist ideology, which claimed the
sentimentalized redernptive arc, NyiSZli'S supp()sed superiority of the “Aryan” race.
testimony aligns with Matthew Boswell's Auschwitz-Birkenau became the largest and
"Holocaust impieties" and Theodor W. most notorious of these camps: between 1942
Adorno's negative dialectics, forcing an and 1944 about 1 million Jews were murdered
unsettling confrontation with the limits of there, many in gas chambers. This mass
human morality and judgment. murder was part of the Nazi policy known as
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the “Final Solution to the Jewish Question,”
the planned, bureaucratic effort to annihilate
the European Jews. The camp's
design—selection ramps, crematoria, and the
use of prisoners to do brutal tasks—was part
of that system. It is only within this
engineered environment, built expressly to
manufacture complicity among its victims,
that Nyiszli's dilemma as an inmate-doctor
can be properly understood. His memoir does
not simply document individual suffering; it
reveals how the machinery of anti-Semitism
could co-opt even those it meant to destroy.
From the very beginning of his memoir,
Nyiszli establishes the clinical framework
through which he processes his trauma:
“When I lived through these horrors, which
were beyond all imagining, [ was not a writer
but a doctor. Today, in telling about them, I
write not as a reporter but as a doctor”
(Nyiszli, 1993, p. 35). Nyiszli's memoir
embodies the profound ethical ambiguities of
the Holocaust. He operated within what Primo
Levi terms the "grey zone"—a liminal space
of moral ambiguity where the binary
categories of victim and perpetrator dissolve
under the weight of systemic complicity
(Levi, 1988). He oscillates between the
unbearable reality of mass murder and the
equally painful struggle to live with the guilt
of'survival.

Literature Review

Scholarship on Holocaust medical testimony
has tended to situate doctor-memoirs within
one of two groups. The first, exemplified by
Robert Jay Lifton's The Nazi Doctors:
Medical Killing and the Psychology of
Genocide (1986), approaches the subject
primarily through the psychology and moral
collapse of the perpetrators—physicians such
as Mengele who used medicine as an
instrument of murder. The second tradition,
informed by Primo Levi's own testimony in
Survival in Auschwitz and The Drowned and
the Saved (1988), and by Giorgio Agamben's
philosophical account of witnessing in
Remnants of Auschwitz (1999), focuses
instead on the prisoner's experience of
coerced complicity—what Levi terms the
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grey zone. Nyiszli's memoir sits uneasily
between these two traditions: he was neither
an SS physician nor an ordinary prisoner, he
was a prisoner forced to become a cog in the
horrific machine of Mengele's experiments, a
painful middle ground that existing
scholarship has mostly overlooked.Critical
attention to Nyiszli has been limited to Bruno
Bettelheim's hostile foreword and passing
comparisons to Elie Wiesel's Night (1960) or
Levi's writings to show the horrors of forced
labour, rather than analyzing his specific
medical experience. This study bridges that
gap by analyzing Nyiszli's testimony through
Michel Foucault's ideas on medical power,
Leviand Lawrence Langer's ethical
frameworks, and Cathy Caruth's trauma
theory, treating his memoir as a rare example
of a healer processing the absolute worst of
humanity and medicine.

Methodology

For the present study Descriptive Qualitative
Research Method is applied. This paper uses
an interdisciplinary approach within the
medical humanities to analyze Dr. Miklos
Nyiszli's memoir, Auschwitz: A Doctor's
Eyewitness Account. Rather than viewing the
text as a simple historical record, I treat it as a
complex piece of trauma literature and
narrative medicine. In addition to the primary
text, this study relies on secondary critical
literature—including foundational works in
trauma theory, bioethics, and Holocaust
studies—and situates Nyiszli's account in
comparative relation to other Holocaust
medical testimonies discussed in the
Literature Review, in order to provide the
theoretical and comparative framework
necessary for the analysis.

Discussion

The Medical Gaze as Clinical Shield

During the Holocaust, the normal goal of
medicine—to heal people—was totally
twisted, turning doctors into cogs in a massive
killing machine. Under the Nazi regime,
medicine was turned into a cold, clinical tool
for mass murder. To understand how an
inmate doctor could perform hundreds of
autopsies on his fellow prisoners to aid an SS
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war criminal, one must look to Michel
Foucault's concept of the "medical gaze" (Le
Regard Medical, Foucault, 1963/1973).
Foucault posits that modern clinical medicine
operates by separating the patient's subjective
identity from the physical body, reducing the
individual to a site of anatomical inspection
and pathological classification. The brutal
reality of Auschwitz forced that medical
detachment to a horrifying extreme. Nyiszli's
narrative relies heavily on this structured
medical lens as a psychological shield.
Nyiszli's memoir is permeated by this
clinical detachment, which serves both as a
survival mechanism and a source of profound
ethical subversion. He sums up the ambiguity
of his professional position early in his
memoir: “As chief physician of the Auschwitz
crematoriums, I drafted numerous affidavits
of dissection and forensic medicine findings
which I signed with my own tattoo number”
(Nyiszli, 1993, p. 11). The image of a medical
affidavit signed with a prisoner's tattoo
number perfectly summarizes the collapse of
ethical boundaries; the physician is
simultaneously an authority figure and a
dehumanized captive. Entrapped by the Nazi
medical apparatus, Nyiszli admits his
horrifying compliance, writing, “I planned to
carry out [Mengele's] orders to the best of my
ability” (Nyiszli, 1993, p. 41). Forced into this
nightmare, Nyiszli dissected hundreds of
bodies “so that a science based on false
theories might benefit from the deaths of those
millions of victims” (Nyiszli, 1993, p. 305).
To cope with the horror, he psychologically
tried to justify his work by believing it could
serve a higher medical purpose. InEthics
During and After the Holocaust, John K. Roth
argues that the Holocaust did not merely
pronounce the death of ethics, but rather
proved that ethics are immensely vulnerable
to misuse and perversion as demonstrated by
the Nazis' capacity to subvert medical science
to serve mass murder disguised as racial
purity. Nyiszli's forced participation
highlights the terrifying reality that medical
ethics offer no absolute protection against
totalitarian subversion. The facts gathered
from these horrific experiments still cause
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fierce debates in the medical world today. It
forces us to confront a really difficult
bioethical dilemma. At its core, this debate
asks if any scientific breakthrough is worth
validating the horrors of Auschwitz.

The Grey Zone and Choiceless Choice
It reveals that Nyiszli's clinical detachment
wasn't just a survival tool—it was a way to
trick his own conscience. In his fiercely
critical foreword to the memoir's English
translation, Bruno Bettelheim completely rips
into Nyiszli for hiding behind his medical
title. He argues that being a doctor didn't
change the facts: Nyiszli was still an
accessory to the horrific crimes of the Nazi
regime. Bettelheim insists that Nyiszli spent
his entire survival playing a mental trick on
himself. He explicitly points out “how Dr.
Nyiszli fooled himself... in his repeatedly
referring to his work as a doctor, though he
worked as the assistant of a vicious
criminal”(Bettelheim, 1993, p. 21). The
ethical crisis at the heart of Nyiszli's memoir
cannot be adequately addressed through
standard moral frameworks. Instead, it
demands an engagement with Primo Levi's
concept of the "grey zone"(Levi, 1988). In
The Drowned and the Saved, Levi identifies
this zone as a space inhabited by "privileged"
prisoners—such as the “Sonderkommando”
(the special work units in the gas chambers
and crematoria)—who were forced to
collaborate with their executioners in
exchange for a temporary deferral of
execution. Nyiszli, by virtue of living and
working within Crematorium II, was an elite
member of this tragic contingent.
Condemning Nyiszli for sacrificing
his medical ethics to survive is an
oversimplification of an agonizingly complex
reality. Such blanket condemnation reeks of
"sentimental naivete" and an "assumed moral
superiority" from those who have never
known the camp system. As philosopher John
Roth emphasizes in his ethical assessments of
the Holocaust, the Nazi regime systematically
manufactured situations bereft of ordinary
moral options, forcing victims into what
Lawrence L. Langer famously designated
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"choiceless choices"(Langer, 1991). These
are situations where choices are made not
between good and evil, but between two
forms of intolerable degradation or death.
Nyiszli's repeated insistence that he “planned
to carry out [Mengele's] orders to the best of
my ability” (Nyiszli, 1993, p. 41) is, on this
reading, not evidence of enthusiasm but of a
will bent entirely toward the sole remaining
objective available to him: continued
survival. To evaluate Dr. Nyiszli's actions
with any real accuracy, we have to listen to
Susan Pentlin's crucial reminder about
Holocaust history. She argues that if we want
to truly comprehend how completely the
Nazis shattered traditional human ethics, we
must force ourselves to listen to the
complicated, messy "voices from the grey
zones" (Pentlin, 2005). We have to accept that
these prisoners were trapped in an engineered
nightmare. Their survival tactics and
agonizing decisions were entirely warped by a
brutal environment that was completely
beyond their control, meaning our standard
rules of right and wrong simply do not apply
to them.

War, Morality, and the Limits of Post-War
Ethical Frameworks

This brings up a much deeper issue: whether
moral ideas invented long after the events
happened—Ilike Primo Levi's "grey zone,"
Lawrence Langer's "choiceless choices," or
modern bioethics—can fairly judge actions
that took place when everyday morality was
completely wiped out. Total war, and the
camp system at its absolute worst, does not
just make it difficult to do the right thing. It
completely rewrites the meaning of words
like consent, complicity, and guilt. Judging
Miklos Nyiszli by comfortable peacetime
standards imposes a safe, backward-looking
bias on a horrific reality. On the flip side,
refusing to judge him at all risks erasing the
thin line between actual collaboration and
desperate resistance. Levi's grey zone tries to
balance both of these uncomfortable
realities—not as a neat, perfect solution, but
as an intentionally uneasy compromise.
Because Nyiszli's testimony never asks for
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forgiveness or offers a standard confession of

guilt, it stands as a major test case. It forces us
to examine exactly where our traditional
moral rules stop working when they follow a
healer into an extreme environment like
Auschwitz.

Trauma, Testimony, and Narrative Medicine
Nyiszli's memoir is not merely a historical
record; it is a desperate attempt to process the
profound psychological trauma of his
experiences. In Unclaimed Experience:
Trauma, Narrative, and History, Cathy
Caruth (1996) posits that trauma is not simply
an effect of destruction, but fundamentally an
"enigma of survival." The traumatized
individual is haunted not only by the
incomprehensibility of near-death, but by the
very incomprehensibility of having survived
when so many others perished. For Nyiszli,
the act of bearing witness is an oscillation
between what Caruth identifies as "the story
of the unbearable nature of an event and the
story of the unbearable nature of its
survival"(Caruth, 1996, p. 7). This
psychological burden is compounded by
survivor's guilt. Nyiszli's text is saturated with
the underlying resonance of guilt from which
he cannot escape, driving his compulsion to
write. Even after successfully avoiding the
gas chambers, the psychological toll of his
survival inside the grey zone left him utterly
desolate. Reflecting on his miraculous
evasion of death, he confesses: “the fact that I
had come away with my life gave me neither
comfort nor joy” (Nyiszli, 1993, p. 161). In
the context of medical humanities, his text
functions as a form of "narrative medicine,"
allowing him to narrate the "illness" of the
Holocaust from a physician's perspective,
thereby engaging the reader in an emphatic,
yethorrified, understanding. By "speaking the
unspeakable," Dr. Nyiszli attempts to make
sense of his post-traumatic stress. He uses his
testimony to speak for the thousands of
voiceless victims whose bodies he had to
dissect.

Holocaust Impieties and Negative Dialectics
Trying to write about what happened inside
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the Auschwitz crematoria brings up massive
philosophical and moral problems.
InNegative Dialectics, Theodor W. Adorno
(1973) famously expanded his critique of
culture after World War II, arguing that
writing poetry after Auschwitz is an act of
barbarism. He believed that the systematic
slaughter of millions completely shattered
Western culture's claim to any real moral or
philosophical progress. Adorno's philosophy
of negative dialectics basically demands that
we look directly at historical horrors without
trying to find a silver lining. For Adorno,
modern thinkers can't just look away from our
worst historical failures. We have to confront
them head-on, and try not to sanitize, excuse,
or varnish the horrors of the Holocaust. Dr.
Nyiszli's memoir provides exactly the kind of
unvarnished, painful testimony that Adorno
demanded. It offers absolutely no narrative
reconciliation, no happy endings, and no
sense of moral redemption. Nyiszli refuses to
sanitize his time in the crematoria; instead, he
leaves the reader sitting face-to-face with the
gritty, terrifying mechanics of industrial mass
murder. By refusing to turn his survival into a
comforting lesson about the resilience of the
human spirit, his book forces us to sit with the
pure, unresolved shock of what human beings
are capable of doing to one another.

This lack of aesthetic sanitization aligns
directly with Matthew Boswell's (2011)
framework of "Holocaust impieties" in
literature. For Boswell, testimonies that are
shocking or deeply disturbing serve a vital
purpose: they break through the safe,
sanitized ways we usually try to remember
history, forcing us to look directly at the raw
horror of genocide. Nyiszli's memoir is
profoundly "impious" in this regard. His book
completely avoids the classic survival story
trope where everything is neatly tied up at the
end with an inspiring message about the
human spirit. Instead, it forces the reader to
confront the visceral reality of a Jewish doctor
working in a state-of-the-art laboratory
alongside Nazi executioners, handling
organs, and meticulously preparing
specimens harvested from murdered twins.
By refusing to soften these details, Nyiszli's
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text satisfies Adorno's demand that art and

testimony must register the shock of the
Holocaust without turning it into a tidy,
digestible moral lesson.

The Bioethical Legacy of Nazi Medical Data

From the bioethical point of view Nyiszli's
memoir posits a dilemma regarding the
legacy of the data collected during the horrific
medical experimentations during the
Holocaust. The narrative forces a critical
question onto modern medicine: how can
bioethics maintain its integrity when
confronted with data generated under
circumstances where all human morality was
completely suspended. Some ethicists argue
that if data or anatomical findings recorded by
doctors like Nyiszli can save human lives
today, it should be utilized, thereby extracting
a modicum of good from an abyss of evil.
However, a more rigorous ethical stance
suggests that utilizing data harvested from the
Nazi experience acts as an unacceptable
compromise. In a place completely stripped of
humanity and morality, trying to use normal
medical ethics just feels pointless. The main
bioethical lesson from Nyiszli's story isn't
about whether he broke the Hippocratic oath
just to stay alive. Instead, it forces us to take a
hard line: any medical data stolen through the
torture and murder of camp prisoners must be
completely banned from future scientific use.
Using that research doesn't honour the dead; it
risks legitimizing the original crimes and
builds our modern scientific progress right on
top of the horrors of Auschwitz.

Conclusion

Dr. Miklos Nyiszli's Auschwitz: A Doctor's
Eyewitness Account is still one of the most
unsettling texts in the medical humanities. It
shows how easily professional ethics can
shatter under the absolute pressure of a death
camp. When we look at his story through
Foucault's clinical gaze, Levi's grey zone, and
Caruth's trauma theory, we see that Nyiszli
was neither a simple collaborator nor a perfect
hero. He was a complicated victim whose
medical training was both his only way to
survive and his lifelong psychological prison.
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As the preceding discussion of post-war direct parallel to the impossible ethical traps
moral frameworks suggests, no single ethical medical workers still navigate today. These
vocabulary fully resolves the case; Nyiszli's modern pressures include doctors forced into
testimony instead demonstrates the limits of military or paramilitary roles, and healthcare
applying peacetime moral categories to staff compelled to ration life-saving care
conditions engineered to abolish them. under ruthless regimes or during a total
Ultimately, his clinical, harrowing testimony collapse of resources. Furthermore, it
makes a vital contribution to Holocaust highlights the ongoing struggle over whether
literature by refusing to sanitize the horror. It to utilize medical data and techniques
honours Adorno's demand that we face originally obtained through cruel or deeply
historical atrocities head-on, forcing us to unethical research. By taking the ideas of the
confront human complicity, the limits of our "grey zone" and "choiceless choices" and
own moral judgment, and the deep trauma a applying them to the modern world, future
doctor carries after witnessing the crematoria. researchers can see if the words of Primo Levi
His raw narrative is a permanent challenge to and Lawrence Langer—which were born out
modern bioethics, warning us that when of the horrors of Auschwitz—can really help
medicine loses its humanity, it quickly turns us understand the agonizing choices doctors
from a practice of healing into a highly face under pressure today. Ultimately, as this
efficient machine for mass murder. paper suggests, each new nightmare of forced
Nyiszli's agonizing dilemma does compliance may demand its own entirely new
more than justrecord history; it provides a way of defining right and wrong.
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